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ABSTRACT
The gamma-ray emission in broad-line blazars is generally explained as inverse Compton (IC)
radiation of relativistic electrons in the jet scattering optical-UV photons from the Broad Line
Region (BLR), the so-called BLR External Compton scenario. We test this scenario on the
Fermi gamma-ray spectra of 106 broad-line blazars detected with the highest significance or
largest BLR, by looking for cut-off signatures at high energies compatible with γ-γ interac-
tions with BLR photons. We do not find evidence for the expected BLR absorption. For 2/3
of the sources, we can exclude any significant absorption (τmax < 1), while for the remain-
ing 1/3 the possible absorption is constrained to be 1.5–2 orders of magnitude lower than ex-
pected. This result holds also dividing the spectra in high and low-flux states, and for powerful
blazars with large BLR. Only 1 object out of 10 seems compatible with substantial attenua-
tion (τmax > 5). We conclude that for 9 out of 10 objects, the jet does not interact with BLR
photons. Gamma-rays seem either produced outside the BLR most of the time, or the BLR is
∼ 100× larger than given by reverberation mapping. This means that i) External Compton on
BLR photons is disfavoured as the main gamma-ray mechanism, vs IC on IR photons from
the torus or synchrotron self-Compton; ii) the Fermi gamma-ray spectrum is mostly intrinsic,
determined by the interaction of the particle distribution with the seed-photons spectrum; iii)
without suppression by the BLR, broad-line blazars can become copious emitters above 100
GeV, as demonstrated by 3C 454.3. We expect the CTA sky to be much richer of broad-line
blazars than previously thought.
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1 INTRODUCTION
The location of the main gamma-ray emitting region in blazars –the
so-called “blazar zone”– is still rather uncertain, even though the
gamma-ray emission often dominates their entire spectral energy
distribution (SED). Blazars are usually divided into flat spectrum
radio quasars (FSRQ) and BL Lac objects, according to the pres-
ence or absence of strong broad emission lines in their UV-optical
spectra (Urry & Padovani 1995). This often corresponds to a differ-
ent regime of accretion, with most gamma-ray bright FSRQ hav-
ing a luminous, radiatively efficient accretion disc (Ghisellini et al.
2011b; Sbarrato et al. 2012).
In FSRQ the jet is then expected to propagate through dense
regions of radiation, produced by gas reprocessing the disc emis-
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sion at different distances from the black hole (BH), like UV-optical
emission lines and recombination continua from the broad line re-
gion (BLR, Peterson 2006) and thermal IR radiation from the in-
ner parts of the AGN dusty torus. Reverberation mapping studies
in both radio-quiet and radio-loud objects indicate that the size of
the BLR and dusty torus scales with the disc luminosity Ld as R ∝
L
1/2
d , namely as RBLR≃ 0.1L
1/2
d,46 pc (Bentz et al. 2006; Kaspi et al.
2007) and RIR ≃ 2.5L1/2d,46 pc (Cleary et al. 2007; Nenkova et al.
2008), respectively (where we use the notation Ld,x for Ld in units
of 10x erg s−1). The resulting energy densityUext ∝ Ld/R2c should
therefore be roughly constant irrespective of the disc luminosity,
over regions whose extension depends on the disc luminosity.
These external radiation fields provide effective seed photons
for the inverse Compton scattering by relativistic electrons in the
jet, and are the basis of the External Compton (EC) models for
the gamma-ray production (Sikora et al. 1994, 2009). At each dis-
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2tance from the BH, the energy density of the different radiation
components and of the magnetic field changes, as well as their ra-
tio, which determines the IC to synchrotron luminosity ratio in the
SED (the so-called “Compton dominance”). In a leptonic frame-
work, therefore, the location is directly connected with the gamma-
ray production mechanism: for typical bulk-motion Lorentz factors
Γ & 10−15, gamma rays are mainly produced by EC on UV pho-
tons inside the BLR, by EC on IR photons between the BLR and
the torus sizes, and by synchrotron self-Compton (SSC) or EC on
CMB photons at further distances (Ghisellini & Tavecchio 2009;
Sikora et al. 2009).
So far, EC on BLR photons (i.e. a blazar zone inside the BLR)
has been the standard scenario to model the SED of the large ma-
jority of gamma-ray detected FSRQ (see e.g. Ghisellini et al. 1998;
Ghisellini & Tavecchio 2008, 2009; Finke 2013, and references
therein), providing a straightforward way to explain both the differ-
ence in Compton dominance and SED peak frequencies between
FSRQ and BLLac objects, and the often observed fast variability
(few days to few hours), indicative of compact emitting regions
easier to obtain at the base of a conical jet.
However, the same external photons used for EC become tar-
gets for the γ-γ collision and pair production process. The resulting
optical depths are large (τ > 50) on paths as short as 1016 cm. A
gamma-ray region well inside the BLR, therefore, should be ac-
companied by a strong cut-off in the gamma-ray spectrum above
∼20 GeV (for Lyα photons of ionized Hydrogen), with maximum
absorption around 100-200 GeV. The densities used for the EC
modeling make the BLR essentially opaque to gamma rays beyond
tens of GeV. The opacity is not expected to decrease significantly
even with a flat BLR geometry, elongated along the disc, instead
of a spherical geometry (see e.g. Tavecchio & Ghisellini 2012). No
emission at Very High Energies (VHE, ≥100 GeV) should be de-
tectable, corresponding to the peak of the γ-γ cross section.
Nevertheless, already in the first years of operation the Fermi
Large Area Telescope (LAT, Atwood et al. 2009) started to provide
contrasting evidence, with some bright FSRQ spectra showing no
sign of BLR-induced cut-offs and extending up to ∼100 GeV rest-
frame energy (Costamante et al. 2010). The “smoking gun” of a
gamma-ray region outside the BLR was provided by the detec-
tions at VHE of the FSRQ 4C+21.35 (Aleksic´ et al. 2011) and
PKS1510-08 (Abramowski et al. 2013; Aleksic´ et al. 2014). The
emission measured by MAGIC in 4C+21.35 was also rapidly vari-
able (tvar ∼ 10 minutes), indicating that very compact emitting re-
gions of the order of R∼ 1.3×1014 (δ/10) cm can exist also at pc
distances from the BH, beyond the BLR (Tavecchio et al. 2011).
At the same time, possible breaks around 3-5 GeV in other
objects were interpreted as evidence of γ-γ absorption on high-
ionization He II line photons (Poutanen & Stern 2010). This would
locate the dissipation region deep within the BLR. Oddly enough,
the optical depth caused by the low-ionization Hydrogen complex –
which provides the dominant contribution to the BLR optical depth,
see Fig. 1 in Poutanen & Stern (2010)– was found to be rather low
(a few at most), not consistent with the deep-within-BLR scenario
unless assuming a very large stratification of the BLR over a wide
range of distances. The re-analysis of the Fermi data with new data
versions seems now to have reduced the evidence for such He II
breaks (Stern & Poutanen 2014).
Since blazars are typically highly variable, these two appar-
ently opposite scenarios might not be in contradiction, after all. Dif-
ferent states can correspond to different locations along the jet, as
well as different emitting blobs. It is thus natural to expect that the
observed gamma rays originate sometimes inside and sometimes
outside the BLR. This should occur most likely in FSRQ with rel-
atively low disc luminosities, where the derived BLR size is of the
same order of the expected location of the dissipation region (e.g.
in internal shock scenarios, a few hundred Schwarzchild radii, see
Ghisellini & Tavecchio 2009). However, this type of study has been
limited so far to only a few selected objects or single outbursts.
The aim of this paper is to find out the typical behaviour of the
population of bright gamma-ray FSRQ, by looking for the presence
or absence of BLR-induced cut-off features in the average GeV
spectra of the 100 strongest FSRQ detected by Fermi-LAT. This
study is now made feasable by more than seven years of exposure
collected by Fermi in survey mode as well as by the Pass 8 data,
which both enhance the chance of measuring either some source
counts or meaningful upper limits at the highest energies, after in-
tegrating over the whole exposure. We also take advantage of the
systematic spectral study of Fermi-detected FSRQ in the optical
by Shaw et al. (2012), which provides the luminosity of the broad
emission lines for the majority of bright Fermi blazars.
Specifically, we want to address the following issues:
a) if BLR absorption is a common phenomenon in Fermi-LAT
FSRQ, and at which optical depth;
b) if the possible absorption is consistent with the photon densities
used by external Compton models;
c) if there is a difference in location between high (flaring) and
low states. That is, if the “persistent” (low-flux) emission is mostly
produced outside the BLR and the flaring –rapidly variable– emis-
sion inside, where the cross-section of the jet is lower, or the other
way round (see e.g. Bonnoli et al. 2011; Tavecchio et al. 2013;
Pacciani et al. 2014; Tavani et al. 2015).
It is important to keep in mind that a cut-off in the gamma-ray
spectrum at high energies does not mean per-se evidence of ab-
sorption due to the BLR: it can also correspond to the end of the
emitting particle distribution. In such case the shape of the cut-off
in the gamma-ray band depends on the shape of the cut-off in the
particle distribution, as well as on the spectrum of the target pho-
tons (Lefa et al. 2012). This dependence can be used as a powerful
diagnostic tool, but it is hindered by the uncertain origin of the cut-
off. The focus of this paper is to test whether the LAT spectra are
consistent or not with the blazar zone being inside the BLR, under
the same assumptions used by EC-modeling of their SEDs.
2 SAMPLE SELECTION AND DATA ANALYSIS
We selected the 100 objects detected with the highest significance
in the Third Fermi-LAT AGN catalog (3LAC, Ackermann et al.
2015), and classified as FSRQ to guarantee the presence of a BLR.
The list of sources is presented in Table 1, in order of decreas-
ing 3LAC significance. The luminosity LBLR of the BLR is also
reported, when available from the literature. When only the lumi-
nosity of the observed broad lines was published, for consistency
we calculated LBLR following Celotti et al. (1997), using the ra-
tio of the lines to the whole BLR luminosity based on the relative
weights of the lines to the Lyα flux in Francis et al. (1991) This
is the same recipe used to calculate the BLR luminosity in all the
other objects, according to the listed literature. In Table 1 we also
report the corresponding BLR radius RBLR and maximum optical
depth τmax, defined as the optical depth at the peak of the γ-γ cross
section (details in the following section). In addition to the most
significant 100 FSRQ in the 3LAC, we also considered 6 further
objects characterized by large values of LBLR ≥ 3× 1045 but still
detected above 12σ in the 3LAC.
MNRAS 000, 1–17 (2018)
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Table 1. Sample of FSRQ blazars studied in this paper, sorted according to their overall significance in the 3LAC catalog (Col. 4). The upper table lists
the 100 highest-significance objects in the 3LAC, while the bottom table lists the six additional objects included for their large BLR. Col. [1]: object name
(from the association in the 3LAC). Col. [2]: Fermi-LAT name in the 3LAC. Col. [3]: redshift. Col. [4]: significance of the detection in the 3LAC (from
Ackermann et al. 2015). Col. [5]: luminosity of the Broad Line Region (≡ 0.1Ld), in erg s−1. Col. [6]: associated radius of the BLR, in cm, derived from the
size-luminosity relation (see Sect. 2.1). Col. [7]: maximum optical depth, at the peak of the γ-γ cross-section, for a path length ℓ= RBLR/2 (see Sect. 2.1). Col.
[8]: references for the BLR or emission lines luminosities. X14: Xiong & Zhang (2014) from data in Cao & Jiang (1999); Chai et al. (2012); Liu et al. (2006);
GG10: Ghisellini et al. (2010); GG11: Ghisellini et al. (2011a); GG15: Ghisellini & Tavecchio (2015); I15: Isler et al. (2015); P14: Pacciani et al. (2014); S12:
Shaw et al. (2012); Sb14: Sbarrato et al. (2014); T13: Tavecchio et al. (2013); To12: Torrealba et al. (2012).
Name 3LAC Name z σ LBLR RBLR τmaxBLR Refs
[1] [2] [3] [4] [5] [6] [7] [8]
3C 454.3 3FGL J2254.0+1608 0.859 480.74 33.3e+44 5.8e+17 55.8 GG11
4C +21.35 3FGL J1224.9+2122 0.435 219.67 16.2e+44 4.0e+17 38.9 GG11
PKS 1510-08 3FGL J1512.8-0906 0.36 207.27 7.4e+44 2.7e+17 26.3 GG11
B2 1520+31 3FGL J1522.1+3144 1.487 192.68 4.5e+44 2.1e+17 20.5 GG15
PKS 1502+106 3FGL J1504.4+1029 1.839 189.47 19.8e+44 4.4e+17 43.0 GG11
PKS 0454-234 3FGL J0457.0-2324 1.003 161.08 18.8e+44 4.3e+17 41.9 GG10
3C 279 3FGL J1256.1-0547 0.536 160.60 2.4e+44 1.5e+17 15.0 GG11
3C 273 3FGL J1229.1+0202 0.158 149.01 33.8e+44 5.8e+17 56.2 GG11
PKS 2326-502 3FGL J2329.3-4955 0.518 130.01 – –
PKS B1424-418 3FGL J1427.9-4206 1.552 129.82 10.0e+44 3.2e+17 30.6 T13
PKS 1830-211 3FGL J1833.6-2103 2.507 129.72 – –
4C +55.17 3FGL J0957.6+5523 0.899 112.86 3.8e+44 1.9e+17 18.7 GG11
PKS 0727-11 3FGL J0730.2-1141 1.589 111.86 – –
4C +28.07 3FGL J0237.9+2848 1.213 105.19 18.0e+44a 4.2e+17 41.0 I15
PKS 0402-362 3FGL J0403.9-3604 1.417 103.56 14.0e+44a 3.7e+17 36.2 I15
Ton 599 3FGL J1159.5+2914 0.725 93.40 5.1e+44 2.3e+17 21.9 GG11
PKS 1244-255 3FGL J1246.7-2547 0.635 92.64 1.2e+44a 1.1e+17 10.5 To12
4C +38.41 3FGL J1635.2+3809 1.814 86.97 60.0e+44 7.7e+17 74.9 GG15
PMN J2345-1555 3FGL J2345.2-1554 0.621 82.32 2.1e+44 1.4e+17 14.0 GG15
S4 0917+44 3FGL J0920.9+4442 2.19 82.11 70.8e+44 8.4e+17 81.3 GG11
PKS 2052-47 3FGL J2056.2-4714 1.491 78.95 8.5e+44a 2.9e+17 28.1 I15
PKS 1124-186 3FGL J1127.0-1857 1.048 76.26 – –
PKS 2142-75 3FGL J2147.3-7536 1.138 75.82 8.0e+44a 2.8e+17 27.3 I15
B3 1343+451 3FGL J1345.6+4453 2.534 75.77 10.5e+44 3.2e+17 31.3 GG15
PKS 0805-07 3FGL J0808.2-0751 1.837 73.84 24.0e+44 4.9e+17 47.4 P14
PKS 0244-470 3FGL J0245.9-4651 1.385 73.49 27.0e+44 5.2e+17 50.2 GG15
CTA 102 3FGL J2232.5+1143 1.037 72.20 41.4e+44 6.4e+17 62.2 GG11
4C +01.02 3FGL J0108.7+0134 2.099 71.65 75.0e+44 8.7e+17 83.7 GG11
4C +14.23 3FGL J0725.2+1425 1.038 69.90 9.0e+44 3.0e+17 29.0 GG15
PKS 0250-225 3FGL J0252.8-2218 1.427 69.69 3.2e+44 1.8e+17 17.2 GG15
B2 2308+34 3FGL J2311.0+3425 1.817 66.87 – –
B2 0716+33 3FGL J0719.3+3307 0.779 66.55 4.5e+44 2.1e+17 20.5 GG10
MG1 J123931+0443 3FGL J1239.5+0443 1.762 65.00 9.1e+44 3.0e+17 29.2 GG11
PMN J1802-3940 3FGL J1802.6-3940 1.319 63.57 15.0e+44 3.9e+17 37.4 GG15
S4 1849+67 3FGL J1849.2+6705 0.657 63.28 3.4e+44a 1.8e+17 17.8 To12
PKS 2023-07 3FGL J2025.6-0736 1.388 63.11 22.5e+44 4.7e+17 45.8 GG10
PKS 1454-354 3FGL J1457.4-3539 1.424 62.20 45.0e+44 6.7e+17 64.8 GG10
B3 1708+433 3FGL J1709.6+4318 1.027 62.20 1.5e+44 1.2e+17 11.8 GG15
GB6 J0742+5444 3FGL J0742.6+5444 0.72 61.62 – –
OX 169 3FGL J2143.5+1744 0.213 60.57 1.8e+44 1.3e+17 13.0 GG11
PKS 2227-08 3FGL J2229.7-0833 1.56 58.57 46.1e+44 6.8e+17 65.7 GG11
PKS 2255-282 3FGL J2258.0-2759 0.926 56.77 18.5e+44a 4.3e+17 41.6 To12
B2 2155+31 3FGL J2157.5+3126 1.488 56.67 5.4e+44 2.3e+17 22.5 GG15
PKS 1622-253 3FGL J1625.7-2527 0.786 56.26 0.4e+44a 6.6e+16 6.4 X14
PKS 0420-01 3FGL J0423.2-0119 0.916 56.14 7.1e+44a 2.7e+17 25.8 X14
OC 457 3FGL J0137.0+4752 0.859 55.94 4.6e+44a 2.1e+17 20.7 X14
PKS 2201+171 3FGL J2203.4+1725 1.076 54.14 12.0e+44 3.5e+17 33.5 GG10
OP 313 3FGL J1310.6+3222 0.997 51.97 8.4e+44 2.9e+17 28.0 GG11
TXS 0059+581 3FGL J0102.8+5825 0.644 51.50 4.5e+44 2.1e+17 20.5 GG15
S4 1030+61 3FGL J1033.8+6051 1.401 51.44 4.5e+44 2.1e+17 20.5 GG11
OG 050 3FGL J0532.7+0732 1.254 50.90 9.0e+44 3.0e+17 29.0 GG15
PKS 0440-00 3FGL J0442.6-0017 0.844 50.84 6.0e+44 2.4e+17 23.7 GG15
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4Table 1 – continued
Name 3LAC Name z σ LBLR RBLR τmaxBLR Refs
[1] [2] [3] [4] [5] [6] [7] [8]
PKS 1329-049 3FGL J1332.0-0508 2.15 49.71 67.0e+44 8.2e+17 79.1 GG11
TXS 1700+685 3FGL J1700.1+6829 0.301 49.45 – –
S4 1144+40 3FGL J1146.8+3958 1.089 48.70 11.7e+44 3.4e+17 33.1 GG11
B0218+357 3FGL J0221.1+3556 0.944 48.44 0.6e+44 7.7e+16 7.5 GG10
PKS 0215+015 3FGL J0217.8+0143 1.715 46.29 30.0e+44 5.5e+17 52.9 GG10
PKS 0336-01 3FGL J0339.5-0146 0.85 45.00 10.0e+44a 3.2e+17 30.6 X14
4C 31.03 3FGL J0112.8+3207 0.603 44.54 – –
OM 484 3FGL J1153.4+4932 0.334 42.49 2.7e+44 1.6e+17 15.9
TXS 1920-211 3FGL J1923.5-2104 0.874 41.03 15.0e+44 3.9e+17 37.4 GG10
MG2 J101241+2439 3FGL J1012.6+2439 1.805 40.84 13.5e+44 3.7e+17 35.5 GG15
S5 1044+71 3FGL J1048.4+7144 1.15 40.66 – –
PMN J0850-1213 3FGL J0850.2-1214 0.566 40.36 – –
PKS 0601-70 3FGL J0601.2-7036 2.409 39.57 6.0e+44 2.4e+17 23.7 GG15
B3 0650+453 3FGL J0654.4+4514 0.933 39.37 1.8e+44 1.3e+17 13.0 GG15
PKS 2320-035 3FGL J2323.5-0315 1.393 39.35 – –
PKS 0736+01 3FGL J0739.4+0137 0.18941 38.99 1.6e+44a 1.2e+17 12.0 X14
PKS 1954-388 3FGL J1958.0-3847 0.63 37.66 1.6e+44a 1.3e+17 12.1 X14
TXS 1206+549 3FGL J1208.7+5442 1.345 37.23 3.2e+44 1.8e+17 17.3 GG11
B2 0200+30 3FGL J0203.6+3043 0.955 36.90 0.3e+44 5.5e+16 5.3 GG15
PKS 1730-13 3FGL J1733.0-1305 0.902 36.81 6.8e+44a 2.6e+17 25.1 X14
TXS 0106+612 3FGL J0109.8+6132 0.783 36.55 – –
PKS 0528+134 3FGL J0530.8+1330 2.07 35.90 75.0e+44 8.7e+17 83.7 GG11
PKS 0446+11 3FGL J0449.0+1121 2.153 35.64 7.2e+44 2.7e+17 25.9 GG15
B2 1732+38A 3FGL J1734.3+3858 0.976 34.65 2.0e+44 1.4e+17 13.7 GG15
PKS 0130-17 3FGL J0132.6-1655 1.02 34.58 – –
MRC 1659-621 3FGL J1703.6-6211 1.747 34.56 26.2e+44a 5.1e+17 49.5 S12
S5 0836+71 3FGL J0841.4+7053 2.218 34.53 225.0e+44 1.5e+18 145.0 GG11
PKS 0906+01 3FGL J0909.1+0121 1.024 34.06 18.8e+44 4.3e+17 41.9 GG11
PKS 2123-463 3FGL J2126.5-4605 1.67 34.03 – –
MG2 J071354+1934 3FGL J0713.9+1933 0.54 33.61 0.6e+44 7.7e+16 7.5 GG15
PMN J1344-1723 3FGL J1344.2-1724 2.49 33.15 10.8e+44 3.3e+17 31.8 GG15
TXS 0529+483 3FGL J0533.2+4822 1.162 32.90 – –
PKS 1551+130 3FGL J1553.5+1256 1.308 32.53 15.9e+44 4.0e+17 38.5 GG11
S3 0458-02 3FGL J0501.2-0157 2.291 32.49 37.0e+44 6.1e+17 58.8 GG11
PKS B1908-201 3FGL J1911.2-2006 1.119 32.12 30.0e+44 5.5e+17 52.9 GG10
MG2 J201534+3710 3FGL J2015.6+3709 0.859 32.10 – –
CTS 0490 3FGL J2325.3-3557 0.36 32.06 – –
PKS 0451-28 3FGL J0453.2-2808 2.564 32.05 120.0e+44 1.1e+18 105.9 GG11
4C +47.44 3FGL J1637.7+4715 0.735 31.98 1.8e+44 1.3e+17 13.0 GG15
PKS 0235-618 3FGL J0236.7-6136 0.465 31.78 – –
4C +04.42 3FGL J1222.4+0414 0.966 30.02 7.2e+44 2.7e+17 25.9 GG11
PKS 0454-46 3FGL J0455.7-4617 0.858 30.01 – –
S4 1726+45 3FGL J1727.1+4531 0.717 29.92 – –
PKS 0142-278 3FGL J0145.1-2732 1.148 29.47 7.2e+44 2.7e+17 25.9 GG10
PKS 2144+092 3FGL J2147.2+0929 1.113 29.42 15.0e+44 3.9e+17 37.4 GG10
S4 1851+48 3FGL J1852.4+4856 1.25 29.34 – –
PKS 1118-05 3FGL J1121.4-0554 1.297 29.33 – –
4C +51.37 3FGL J1740.3+5211 1.381 29.27 – –
PKS 0208-512b 3FGL J0210.7-5101 1.003 62.95b 37e+44 6.1e+17 58.8 Sb14
TXS 0322+222 3FGL J0325.5+2223 2.066 22.18 60e+44 7.7e+17 74.9 GG15
PKS B1127-145 3FGL J1129.9-1446 1.184 22.00 112.5e+44 1.1e+18 102.5 GG10
CRATES J0303-6211 3FGL J0303.7-6211 1.348 16.76 30e+44 5.5e+17 52.9 GG15
PMN J1617-5848 3FGL J1617.4-5846 1.422 15.81 105e+44 1.0e+18 99.0 GG15
CRATES J1613+3412 3FGL J1613.8+3410 1.397 13.23 54e+44 7.3e+17 71.0 GG15
a: our calculation from the line luminosities reported in the respective reference, following Celotti et al. (1997).
b: this object was left out of the main FSRQ selection despite its LAT significance, because it was classified as BCU-I
in the 3LAC.
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The LAT data used in this paper were collected from 2008
August 5 (MJD 54683) to 2014 December 01 (MJD 56992), cor-
responding to approximately 7.3 years of data taking. During this
time, the LAT instrument operated almost entirely in survey mode.
The LAT data were analyzed following the standard procedure1 ,
using the LAT analysis software ScienceTools v10r01p01. Only
events belonging to the “Source” class (evclass=128, evtype=3)
were used. We selected only events within a maximum zenith angle
of 90 degrees to reduce contamination from the Earth limb gamma
rays, which are produced by cosmic rays interacting with the up-
per atmosphere. The analysis was performed with the instrument
response functions P8R2_SOURCE_V6 using a binned maximum
likelihood method implemented in the Science tool gtlike.
Events with energies between 0.1 and 300 GeVwere extracted
from an acceptance cone of 15 degrees centered at the location of
the source of interest. Light curves were derived by dividing the
data in bins of one week duration. The background model for the
light-curve extraction included each PGWave source (Ciprini et al.
2007; Damiani et al. 1997) detections in each bin, to account for
possible transients on short timescales that may remain below the
detection threshold on timescales of years. For the spectral analysis,
the background model included sources from the 3rd LAT catalog
(Acero et al. 2015, hereafter 3FGL) within the ROI of 20 degrees.
3FGL sources within a radius of 10 degrees from the source of
interest were left free to vary.
Each bin of the light curves and of the spectra was obtained
using a power-law model for the source of interest. To derive the
spectral points for the SED, the spectral parameters of background
sources were fixed to the results from the fit of the complete time-
integrated data. The spectral index of the source of interest was
fixed to Γ = 2 for the spectral extraction, and left free to vary for
the light curve extraction. The models included the isotropic and
Galactic diffuse emission components2 . Both background compo-
nents were left free to vary in the time integrated analysis and
frozen to the average values in the SED’s bin extraction.
The gamma-ray SEDs were constructed using 4 bins per
decade between 178 MeV and 300 GeV, as the best compromise
between energy resolution in the cut-off region and photon statis-
tics in each bin, for the majority of sources. We excluded the first
bin (100-178 MeV) in order to reduce the chance of issues with the
Galactic background, and we enlarged the last bin to increase the
statistics (100-300 GeV). Each SED is then composed of 12 bins in
total. When the Test Statistic (TS, Mattox et al. 1996) was TS<4 or
the number of predicted photons Npred < 3 or the percentage error
on the flux was greater then 50%, we calculated the upper limit at
2σ confidence, using the Bayesian computation if TS <1 (Helene
1984). The statistical uncertainty on the fluxes are typically larger
than the systematic uncertainty (Ackermann et al. 2012a) and only
the former is considered in this paper.
2.1 BLR and gamma-ray spectra fitting procedure
For a wide range of ionization levels, the BLR spectrum causes an
absorption feature in the gamma-ray spectrum which starts to be
significant above ∼20 GeV rest-frame (see e.g. Stern & Poutanen
2014, figure 3). The spectrum below ∼13 GeV in the blazar’s rest-
frame is therefore essentially unabsorbed, and can thus be taken as
representation of the intrinsic source spectrum interacting with the
1 http://fermi.gsfc.nasa.gov/ssc/data/analysis/
2 iso_P8R2_SOURCE_V6_v06.txt and gll_iem_v06.fits
Hydrogen-induced radiation of the BLR (Lyα emission and contin-
uum). The presence or absence of a possible BLR absorption fea-
ture can thus be determined by comparing the extrapolation of the
spectral fit performed in the unabsorbed part of the spectrum with
the actual observed data at the highest energies. This corresponds to
a “best-case scenario” for BLR absorption, that is without consid-
ering possible intrinsic cut-offs (and excluding ad-hoc fine-tuned
additional emission pile-ups in the spectrum).
To model the effects of γ-γ absorption, we adopted the same
assumptions and values used for the SED modeling with the Ex-
ternal Compton process on BLR photons (Ghisellini & Tavecchio
2009; Sikora et al. 2009). Namely, we assume that the BLR inter-
cepts and reprocesses about 10% of the disc luminosity into an
isotropic radiation field with uniform energy density UBLR and ra-
dius RBLR from the BH. Following Tavecchio & Ghisellini (2008)
and in part the double-absorber approximation in Poutanen & Stern
(2010), we approximate the BLR spectrum with a Planckian spec-
trum peaked at 10.2 eV (corresponding to a temperature of∼ 42000
K) renormalized to match the BLR energy density. This provides
a good approximation to the Hydrogen Lyα emission and recom-
bination continuum complex which provides the strongest contri-
bution to the BLR gamma-ray opacity (Poutanen & Stern 2010).
The actual BLR spectrum contains typically many lines and re-
combination continua, but their effect is generally smeared out by
the broadness of the γ-γ cross section and the averaging over an-
gles. The precise shape of the absorption feature depends also on
the ionization state of the gas, but its main effects can be well ap-
proximated by an absorption feature peaking around 100-200 GeV
(see Stern & Poutanen 2014, figure 3). Note that for our study it
is irrelevant if a break in the spectrum below 10 GeV is due to
high-ionization He II lines or is intrinsic: our focus is on the inter-
action with the low-ionization, Hydrogen-based part of the BLR
emission, since it is the one typically used for EC models (yield-
ing the largest energy density) and it is unavoidable in any scenario
inside the BLR, even more so if within the smaller high-ionization
radius of the BLR. The normalization of the Planckian spectrum is
obtained by imposing that its integrated energy density U is equal
toUBLR, where
UBLR =
LBLR
4piR2BLRc
Rdiss < RBLR (1)
Rdiss is the distance from the BH of the dissipation region in the
jet producing the gamma-rays. The actual shape of the BLR spec-
trum longward of this peak (which might be significantly broader
than the blackbody approximation if the illuminating spectrum is a
multicolor black-body, see e.g. Tavecchio & Ghisellini 2008) is not
important in our case, since it affects photons at energies above
∼100 GeV. Assuming the scaling relation RBLR = 1017L1/2d,45cm
(Ghisellini & Tavecchio 2009; Sikora et al. 2009), the energy den-
sity inside the BLR is constant atUBLR ≃ 0.22 erg cm−3.
In this framework, the only free parameter determining the
optical depth τ(E) is the path length of the gamma rays inside the
BLR sphere, from the production region (at Rdiss from the black
hole) to the border of the BLR, at RBLR. We thus parameterized
the absorption in terms of path length ℓ, in units of 1016 cm. The
BLR luminosity changes the optical depth by determining the size
of the BLR (and thus the photon path). The spectral shape of the ab-
sorption feature is determined by the convolution of the Planckian
approximation with the γ-γ cross section averaged over angles for
an isotropic field (Aharonian 2004). The corresponding maximum
optical depth τmax(E) is reached at E ≃110 GeV. For each value of
the path ℓ, therefore, there is a corresponding value of τmax.
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6Table 2. Results of the BLR absorption fits to the gamma-ray SED data. Col. [1]: object Name. Col. [2]: redshift. Col. [3]: number of data points above 20 GeV rest-frame. It indicates how much farther the spectrum
extends into the “forbidden region" of strong BLR absorption. Col. [4]: average restframe energy, in GeV, of the last “good" datapoint in the spectrum at high energy (see text). Col. [5]: best fit model of the data below
13 GeV rest-frame (namely, with the lowest χ2r ). It is the model used to extrapolate the spectrum to estimate the optical depth. Col. [6]: path length ℓ inside the BLR, in units of 10
16 cm. Obtained by extrapolating
the model in Col. 5 to the full band. Col. [7]: corresponding maximum optical depth, at the peak of the γ-γ cross-section with a Planckian spectrum. Col. [8]: maximum optical depth assuming the dissipation region
is located at Rdiss= max(2× 1016 cm, RBLR/2). Col. [9]: corresponding path length inside the BLR, in units of 1016 cm, to be compared with Col. 6; Col. [10]: logarithm of the ratio between the observed data flux
of the highest-energy data point and the expected model with τmaxBLR . It gives the separation in the SED (in orders of magnitudes) between the observed and expected fluxes if the assumptions of the EC(BLR) model
were right. Col. [11]: probability value (from F-test) between the model with free (measured) or fixed (ℓBLR) paths inside the BLR (see text). A 3-σ exclusion corresponds to a p-value ≤ 2.7e-03. Col. [12], [13]:
path and corresponding τmax for the fit with a logparabolic model plus BLR absorption allowing all parameters to be free. Col. [14]: model of the fullband LAT spectrum yielding the lowest χ2r , among: logparabola
(logp), logparabola with free BLR absorption (logptau), power-law with under-exponential cutoff at high energy with βc = 1/3 (exp03). See Sect. 2.1. Col. [15]: flag indicating if the upper limit is below the last
“good" datapoint in the SED, i.e. if it is meaningful to constrain the spectral steepening (strong) or not. If it is, the fits are checked that they comply to the UL constraints.
Name z n>20 MaxBin best<13 Path τmax τmaxBLR PathBLR ratio p-value(BLR) PathF τ
max
F bestfitFull UL
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]
3C 454.3 0.859 3 77.3 logp 0.63±0.09 1.23 55.8 28.9 21.0 5.8e-10 0.60±0.13 1.15 exp03 strong
4C +21.35 0.435 2 59.7 logp 0.16±0.11 0.31 38.9 20.1 12.8 1.9e-07 0.16±0.17 0.31 exp03 strong
PKS 1510-08 0.36 3 100.6 logp 0.00±0.16 0.00 26.3 13.6 11.2 3.3e-07 0.00±0.21 0.00 logp no
B2 1520+31 1.487 2 58.2 logp 0.17±0.13 0.33 20.5 10.6 6.3 9.7e-07 0.21±0.23 0.40 exp03 no
PKS 1502+106 1.839 3 66.4 logp 0.37±0.11 0.72 43.0 22.2 14.9 2.6e-07 0.42±0.23 0.81 exp03 strong
PKS 0454-234 1.003 3 83.3 logp 0.20±0.13 0.40 41.9 21.7 16.0 1.0e-07 0.25±0.22 0.48 exp03 no
3C 279 0.536 3 63.9 logp 0.36±0.16 0.69 15.0 7.7 4.8 1.7e-06 0.32±0.25 0.62 logptau no
3C 273 0.158 0 15.2 logp 0.00±0.47 0.00 56.2 29.1 1.1 7.8e-05 0.00±0.67 0.00 logp strong
PKS 2326-502 0.518 1 35.5 logp 0.88±0.17 1.69 – – – – 0.96±0.25 1.85 logptau strong
PKS B1424-418 1.552 3 106.1 logp 0.37±0.08 0.71 30.6 15.8 12.6 1.4e-08 0.35±0.18 0.68 exp03 strong
PKS 1830-211 2.507 3 82.0 logp 0.48±0.09 0.92 – – – – 0.24±0.15 0.47 exp03 strong
4C +55.17 0.899 4 140.5 logp 0.04±0.07 0.08 18.7 9.7 8.0 9.0e-09 0.09±0.16 0.17 exp03 no
PKS 0727-11 1.589 2 60.6 logp 0.29±0.10 0.56 – – – – 0.34±0.23 0.66 exp03 strong
4C +28.07 1.213 2 51.8 logp 0.00±0.15 0.00 41.0 21.2 12.1 6.5e-07 0.00±0.21 0.00 logp strong
PKS 0402-362 1.417 0 17.9 logp 0.11±0.44 0.21 36.2 18.7 1.3 1.0e-03 0.24±0.73 0.46 logp strong
Ton 599 0.725 3 71.7 logp 0.00±0.35 0.00 21.9 11.3 8.1 9.6e-05 0.00±0.49 0.00 logp no
PKS 1244-255 0.635 2 38.2 logp 0.14±0.21 0.27 10.5 5.5 2.0 3.0e-06 0.21±0.33 0.40 logp no
4C +38.41 1.814 3 65.8 logp 0.44±0.17 0.84 74.9 38.7 25.5 7.3e-08 0.46±0.27 0.88 exp03 no
PMN J2345-1555 0.621 3 67.4 logp 0.31±0.11 0.60 14.0 7.2 4.7 1.8e-07 0.28±0.20 0.54 exp03 no
S4 0917+44 2.19 2 42.0 logp 0.46±0.13 0.89 81.3 42.1 18.3 1.9e-06 0.25±0.25 0.47 exp03 strong
PKS 2052-47 1.491 2 58.3 logp 0.00±0.31 0.00 28.1 14.6 9.5 7.4e-05 0.00±0.47 0.00 logp no
PKS 1124-186 1.048 3 85.2 logp 0.00±0.07 0.00 – – – – 0.00±0.16 0.00 logp no
PKS 2142-75 1.138 1 28.1 logp 0.54±0.08 1.05 27.3 14.1 3.1 5.1e-08 0.65±0.13 1.25 logptau strong
B3 1343+451 2.534 4 147.0 logp 0.17±0.04 0.34 31.3 16.2 13.3 2.2e-10 0.19±0.11 0.37 exp03 no
PKS 0805-07 1.837 3 66.4 logp 0.24±0.10 0.45 47.4 24.5 16.4 4.7e-07 0.37±0.25 0.72 exp03 strong
PKS 0244-470 1.385 1 31.4 logp 0.29±0.16 0.57 50.2 26.0 7.1 1.7e-05 0.21±0.29 0.41 exp03 strong
CTA 102 1.037 2 47.6 logp 0.26±0.29 0.50 62.2 32.2 16.2 1.3e-05 0.18±0.45 0.34 logp no
4C +01.02 2.099 3 72.5 logp 0.32±0.18 0.61 83.7 43.3 30.5 6.0e-07 0.17±0.35 0.34 logp no
4C +14.23 1.038 2 47.7 logp 0.00±0.12 0.00 29.0 15.0 7.9 2.0e-06 0.13±0.21 0.25 exp03 strong
PKS 0250-225 1.427 2 56.8 logp 0.02±0.15 0.05 17.2 8.9 5.3 1.3e-06 0.02±0.27 0.04 logp no
B2 2308+34 1.817 3 65.9 logp 0.10±0.16 0.19 – – – – 0.28±0.30 0.54 logp no
B2 0716+33 0.779 2 41.6 logp 0.56±0.09 1.07 20.5 10.6 4.4 1.9e-08 0.59±0.16 1.15 exp03 no
MG1 J123931+0443 1.762 3 64.6 logp 1.22±0.14 2.37 29.2 15.1 9.6 9.5e-06 1.25±0.24 2.42 logptau no
PMN J1802-3940 1.319 2 54.2 logp 0.24±0.30 0.46 37.4 19.4 11.0 3.7e-05 0.21±0.59 0.40 logp no
S4 1849+67 0.657 2 38.8 logp 0.38±0.09 0.74 17.8 9.2 3.4 3.9e-06 0.43±0.14 0.83 logp no
PKS 2023-07 1.388 2 55.9 logp 0.00±0.24 0.00 45.8 23.7 14.4 2.2e-05 0.00±0.40 0.00 logp no
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Table 2 – continued
Name z n>20 MaxBin best<13 Path τmax τmaxBLR PathBLR ratio p-value(BLR) PathF τ
max
F bestfitFull UL
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]
PKS 1454-354 1.424 2 56.7 logp 0.41±0.27 0.80 64.8 33.5 20.0 1.4e-05 0.47±0.49 0.91 logp no
B3 1708+433 1.027 2 47.4 logp 0.00±0.54 0.00 11.8 6.1 3.6 3.0e-03 0.00±0.79 0.00 logp no
GB6 J0742+5444 0.72 2 40.2 logp 0.00±0.50 0.00 – – – – 0.00±0.79 0.00 logp no
OX 169 0.213 1 28.4 logp 0.00±0.81 0.00 13.0 6.7 1.8 1.8e-03 0.00±1.16 0.00 logp no
PKS 2227-08 1.56 0 18.9 logp 0.00±0.26 0.00 65.7 34.0 2.6 7.7e-05 0.05±0.45 0.09 logp strong
PKS 2255-282 0.926 1 25.3 logp 0.00±0.99 0.00 41.6 21.5 3.8 2.4e-03 0.00±1.63 0.00 logp no
B2 2155+31 1.488 2 58.2 logp 0.79±0.20 1.52 22.5 11.6 6.9 9.6e-05 0.90±0.35 1.74 exp03 no
PKS 1622-253 0.786 2 41.8 logp 0.37±0.20 0.72 6.4 3.3 1.3 7.6e-05 0.49±0.33 0.95 logp no
PKS 0420-01 0.916 2 44.8 logp 0.00±0.43 0.00 25.8 13.3 6.5 1.8e-04 0.00±0.70 0.00 logp no
OC 457 0.859 2 43.5 logp 0.13±0.13 0.24 20.7 10.7 4.9 4.9e-08 0.23±0.22 0.45 exp03 no
PKS 2201+171 1.076 2 48.6 logp 0.00±0.81 0.00 33.5 17.3 9.4 1.1e-03 0.00±1.07 0.00 logp no
OP 313 0.997 3 83.1 pow 0.69±0.23 1.34 28.0 14.5 10.7 8.9e-05 0.30±0.32 0.58 exp03 no
TXS 0059+581 0.644 2 38.5 logp 0.00±0.88 0.00 20.5 10.6 4.2 3.1e-03 0.00±1.39 0.00 logp no
S4 1030+61 1.401 2 56.2 logp 0.44±0.11 0.84 20.5 10.6 6.1 8.1e-08 0.32±0.20 0.62 exp03 no
OG 050 1.254 2 52.7 logp 0.00±0.18 0.00 29.0 15.0 8.6 1.4e-05 0.08±0.30 0.16 logp strong
PKS 0440-00 0.844 2 43.1 logp 1.08±0.30 2.08 23.7 12.2 5.4 9.6e-04 0.84±0.45 1.63 exp03 no
PKS 1329-049 2.15 3 73.7 logp 0.00±0.42 0.00 79.1 40.9 29.7 3.4e-04 0.00±0.70 0.00 logp no
TXS 1700+685 0.301 1 30.4 logp 0.38±0.75 0.74 – – – – 0.04±1.07 0.08 logp no
S4 1144+40 1.089 3 86.9 logp 0.00±0.22 0.00 33.1 17.1 13.6 8.8e-06 0.00±0.32 0.00 logp no
B0218+357 0.944 3 80.9 logp 0.03±0.20 0.07 7.5 3.9 2.7 2.0e-04 0.00±0.37 0.00 logp no
PKS 0215+015 1.715 3 63.5 pow 0.92±0.23 1.78 52.9 27.4 17.2 8.9e-06 0.59±0.41 1.13 exp03 no
PKS 0336-01 0.85 2 43.3 logp 0.20±0.42 0.38 30.6 15.8 7.2 5.6e-04 0.35±0.70 0.68 logp no
4C 31.03 0.603 2 37.5 logp 1.95±1.04 3.77 – – – – 1.56±1.52 3.01 logp no
OM 484 0.334 0 17.5 pow 7.46±1.76 14.42 15.9 8.2 0.0 6.1e-01 7.35±2.69 14.20 exp03 no
TXS 1920-211 0.874 1 24.6 logp 0.72±0.32 1.39 37.4 19.4 3.1 7.8e-04 1.09±0.63 2.10 logptau strong
MG2 J101241+2439 1.805 1 20.7 pow 1.82±0.44 3.52 35.5 18.4 1.7 3.7e-03 2.11±0.94 4.07 logptau strong
S5 1044+71 1.15 2 50.3 logp 0.16±0.12 0.30 – – – – 0.28±0.19 0.55 exp03 no
PMN J0850-1213 0.566 2 36.6 logp 0.00±0.81 0.00 – – – – 0.00±1.17 0.00 logp no
PKS 0601-70 2.409 2 44.8 logp 0.00±1.06 0.00 23.7 12.2 6.3 4.2e-03 0.00±1.72 0.00 logp no
B3 0650+453 0.933 2 45.2 logp 0.00±0.91 0.00 13.0 6.7 3.6 8.5e-03 0.00±0.82 0.00 logp no
PKS 2320-035 1.393 1 31.5 pow 0.94±0.21 1.82 – – – – 0.82±0.41 1.59 logptau strong
PKS 0736+01 0.18941 1 27.8 logp 0.00±1.14 0.00 12.0 6.2 1.4 5.1e-02 0.00±1.74 0.00 logp no
PKS 1954-388 0.63 1 21.4 logp 1.21±0.28 2.34 12.1 6.3 0.6 1.6e-03 1.25±0.51 2.42 logptau strong
TXS 1206+549 1.345 0 17.3 pow 2.10±0.55 4.07 17.3 9.0 0.3 1.5e-02 1.43±1.01 2.77 logptau strong
B2 0200+30 0.955 2 45.7 logp 0.00±0.27 0.00 5.3 2.7 1.5 9.3e-05 0.07±0.46 0.14 logp no
PKS 1730-13 0.902 2 44.5 logp 0.22±0.08 0.43 25.1 13.0 6.0 8.9e-09 0.28±0.14 0.54 exp03 no
TXS 0106+612 0.783 0 13.2 logp 3.40±9.70 6.58 – – – – 3.52±16.50 6.80 logp no
PKS 0528+134 2.07 0 12.8 logp 2.22±1.08 4.30 83.7 43.3 0.7 3.5e-03 2.21±2.29 4.27 exp03 strong
PKS 0446+11 2.153 2 41.5 logp 0.00±0.30 0.00 25.9 13.4 5.9 1.2e-05 0.00±0.54 0.00 logp no
B2 1732+38A 0.976 1 26.0 logp 0.00±0.31 0.00 13.7 7.1 1.4 3.4e-06 0.00±0.42 0.00 exp03 no
PKS 0130-17 1.02 1 26.6 logp 0.00±2.35 0.00 – – – – 0.00±3.53 0.00 logp no
MRC 1659-621 1.75 1 20.3 logp 3.33±1.35 6.44 49.5 25.6 2.1 9.6e-03 3.47±2.57 6.72 exp03 no
S5 0836+71 2.218 1 23.8 logp 0.00±2.70 0.00 145.0 75.0 11.6 2.7e-02 0.00±4.34 0.00 logp no
PKS 0906+01 1.024 1 26.6 logp 0.00±0.78 0.00 41.9 21.7 4.4 8.8e-05 0.00±1.22 0.00 logp no
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Name z n>20 MaxBin best<13 Path τmax τmaxBLR PathBLR ratio p-value(BLR) PathF τ
max
F bestfitFull UL
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]
PKS 2123-463 1.67 0 19.7 pow 3.69±2.08 7.13 – – – – 2.47±3.67 4.77 exp03 no
MG2 J071354+1934 0.54 0 11.4 logp 3.50±1.48 6.77 7.5 3.9 0.2 8.1e-01 3.38±2.80 6.53 exp03 strong
PMN J1344-1723 2.49 3 81.6 pow 0.68±0.36 1.31 31.8 16.4 11.7 1.3e-03 0.00±0.71 0.00 exp03 no
TXS 0529+483 1.162 1 28.4 logp 0.00±0.31 0.00 – – – – 0.00±0.59 0.00 logp strong
PKS 1551+130 1.308 1 30.4 pow 0.32±0.86 0.61 38.5 19.9 5.1 3.3e-03 0.00±1.62 0.00 exp03 no
S3 0458-02 2.291 2 43.3 logp 0.00±0.11 0.00 58.8 30.4 14.0 4.2e-07 0.00±0.23 0.00 logp strong
PKS B1908-201 1.119 1 27.9 logp 0.09±0.12 0.17 52.9 27.4 6.0 1.6e-06 0.04±0.25 0.07 logp strong
MG2 J201534+3710 0.859 2 43.5 logp 0.00±0.16 0.00 – – – – 0.00±0.22 0.00 logp strong
CTS 0490 0.36 0 10.1 logp 1.10±1.44 2.13 – – – – 1.14±2.66 2.21 logp strong
PKS 0451-28 2.564 0 14.8 logp 2.99±0.74 5.77 105.9 54.8 1.4 4.2e-03 2.80±1.56 5.41 logptau strong
4C +47.44 0.735 1 22.8 logp 0.00±1.45 0.00 13.0 6.7 1.1 3.2e-03 0.00±2.30 0.00 exp03 no
PKS 0235-618 0.465 0 10.8 pow 2.63±2.12 5.09 – – – – 0.14±3.94 0.27 logp strong
4C +04.42 0.966 0 14.5 logp 0.00±6.57 0.00 25.9 13.4 0.6 1.1e-01 0.00±10.33 0.00 logp no
PKS 0454-46 0.858 1 24.4 logp 0.00±1.94 0.00 – – – – 0.00±3.02 0.00 logp no
S4 1726+45 0.717 0 12.7 logp 0.00±1.22 0.00 – – – – 0.00±2.01 0.00 logp strong
PKS 0142-278 1.148 0 15.9 logp 0.00±9.78 0.00 25.9 13.4 0.7 1.5e-01 0.00±15.76 0.00 logp no
PKS 2144+092 1.113 0 15.6 logp 2.12±3.50 4.11 37.4 19.4 0.6 3.6e-02 2.24±6.07 4.32 logp no
S4 1851+48 1.25 1 29.6 logp 0.00±0.62 0.00 – – – – 0.00±0.97 0.00 logp strong
PKS 1118-05 1.297 0 17.0 logp 0.00±0.71 0.00 – – – – 0.00±1.25 0.00 logp strong
4C +51.37 1.381 2 55.7 logp 0.00±0.51 0.00 – – – – 0.00±0.84 0.00 logp no
PKS 0208-512 1.003 1 26.3 logp 0.76±0.30 1.47 58.8 30.4 5.8 1.8e-03 0.86±0.54 1.67 exp03 strong
TXS 0322+222 2.066 0 12.8 pow 2.97±1.00 5.75 74.9 38.7 0.4 1.2e-01 3.10±2.17 5.98 exp03 strong
PKS B1127-145 1.184 0 16.2 logp 0.00±3.44 0.00 102.5 53.0 2.3 1.5e-02 0.00±6.00 0.00 logptau no
CRATES J0303-6211 1.348 0 17.4 pow 4.18±2.84 8.09 52.9 27.4 1.3 3.4e-02 1.09±5.18 2.10 logp no
PMN J1617-5848 1.422 0 17.9 pow 0.00±3.47 0.00 99.0 51.2 3.2 5.0e-02 0.20±8.00 0.39 exp03 no
CRATES J1613+3412 1.397 1 31.5 logp 0.00±2.87 0.00 71.0 36.7 11.0 4.2e-02 0.00±4.43 0.00 logp no
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The fitting procedure was performed in two steps: first we fit-
ted the data in the unabsorbed part of the LAT spectrum (up to 13
GeV rest-frame) with both a powerlaw and a log-parabolic model,
choosing the best model as the one with the lowest χ2r . In the sec-
ond step, we extrapolated this model to the whole LAT band (typ-
ically one decade further in energy) and fitted the optical depth
τ(E) = ℓτ16(E) to the data (where τ16(E) is the optical depth for a
path of 1016 cm), keeping fixed the spectral parameters to the un-
absorbed values. In addition, we fitted the log-parabolic model plus
BLR absorption leaving all parameters free, to check the robustness
of the ℓ values when all parameters could be optimized at the same
time.
The resulting photon path ℓ and optical depth τmax are to be
compared with the values for an emitting region deep inside the
BLR, ℓBLR and τBLRmax . As benchmark for such case, we assumed
that Rdiss is located at RBLR/2 (i.e. halfway between the BH and
the BLR), with a lower limit of 2× 1016 cm (the lowest value re-
ported in Ghisellini et al. 2010). Therefore τBLRmax is the optical depth
corresponding to a photon path ℓBLR = RBLR−Rdiss.
Our procedure gives the best-fit values of the photon path ℓ
inside the BLR under the assumption that the intrinsic gamma-ray
spectrum at higher energies follows the same shape measured in the
unabsorbed range. This does not mean that the assumed intrinsic
model plus absorption provides the best fit to the data: it simply
gives the largest possible optical depth allowed by the LAT data
in the best-case scenario of no intrinsic cut-off in the spectrum. To
check for alternative scenarios with no BLR absorption, we also
fitted the full-band LAT data with a pure log-parabolic model and
with a power-law model with a high-energy cut-off, of the form:
dN
dE
= N0E
−Γ exp
(
−
(
E
Ec
)βc)
(2)
where the exponent βc regulates the strength of the cut-off:
super-exponential if βc > 1 and under-exponential if βc < 1. The
importance of the shape of the spectrum in the cut-off region is de-
termined by its direct connection with the shape of the underlying
particle distribution and the spectrum of the seed-photon field: in
general an exponential cut-off in the particle spectrum generates
an under-exponential cut-off in the emitted gamma-ray spectrum,
in the Thomson regime (Lefa et al. 2012). To limit the number of
free parameters, we have kept βc fixed at βc = 1/3, corresponding
to an electron spectrum with exponential cut-off interacting with
synchrotron photons (see Lefa et al. 2012, table 1).
The whole procedure was implemented in a python script, and
the fit was performed on the gamma-ray SED data using the rou-
tines in NumPy (curvefit and lmfit). This procedure is not as ac-
curate as a direct maximum likelihood fit to the LAT event data,
but it is much faster and from our tests it gives comparable results
within the errors. A disadvantage is that it does not make full use
of the upper limit information in the fit, but in no case of our sam-
ple does it play a decisive role in the fit results. Given the larger
systematic uncertainties brought by the still limited knowledge of
the BLR itself (in geometry, extension and spectrum), and the pos-
sible accomodation of small differences with slight changes in the
position of the emitting region, we do not deem a more detailed
analysis necessary for the scope of our population study.
3 RESULTS: AVERAGE SPECTRA
We first fitted the average spectrum integrated over the whole ex-
posure time. Table 2 lists the results of the BLR absorption fits. The
model spectral parameters and the comparison with non-absorption
scenarios are reported in the Appendix (Table A1), together with
the gamma-ray SED of each single source and the corresponding
fitting models (Fig. A1).
Table 2 provides also the following information: a) the ratio
(in logarithm) between the observed flux of the highest-energy data
point and the expected flux assuming a location deep inside the
BLR; i.e. how many orders of magnitude the observed LAT flux is
above the expected flux from deep within the BLR; b) the p-value
of the F-test between the model with free (measured) or fixed (at
ℓBLR) BLR absorption, using the same intrinsic model determined
in the unabsorbed band. This gives the probability of measuring
the path value ℓ if the null-hypothesis ℓ = ℓBLR (i.e. deep within
the BLR) were true.
For the large majority of sources, there is no evidence for
strong BLR absorption (e.g. τmax & 10). In 83% of the objects,
the LAT spectrum extends well beyond 20 GeV, in the “forbidden
zone” according to the BLR photon densities. The possible photon
path ℓ inside the BLR is constrained to be ℓ < 3×1016 cm in 95%
of the objects, with an average τmax ≃ 0.74 and a path length of
ℓavrg ≃ 0.38×1016 cm. That is comparable with the typical sizes of
the gamma-ray emitting region used in SED modeling. Even con-
sidering the small sub-sample of objects with ℓ > 3×1016 cm (6%
of the total), the average photon path is still ℓavrg ≃ 4.3×1016 cm,
with a corresponding τmax ≃ 8.3, significantly less than expected
from the deep-within-BLR scenario.
The same trend emerges considering the additional sample of
6 sources characterized by large BLRs: three of them are not com-
patible with strong BLR absorption, while for the other three the
data are not really constraining. For these, some BLR absorption –
though slightly lower than assumed for τBLR– might be compatible
(see Appendix, Fig. A2). Remarkably, in none of the 106 objects
considered here BLR absorption is strictly required: all the LAT
spectra can be fitted equally well (or better) by models with no
BLR absorption.
Figure 1 shows a comparison between the expected and mea-
sured optical depths for all the objects with an estimate of the BLR
luminosity (83 among 106 objects in total). The optical depths com-
patible with the LAT data are much smaller than expected, by 1.5
to 2 orders of magnitude, with 73% of the objects having τmax < 1,
and 88% less than 3. Of the total sample of 106 objects, only 8
FSRQ (∼ 8%) have τmax > 5.
In summary, considering all 106 Fermi-LAT FSRQ of our
sample, only approximately one out of ten seems compatible with
significant absorption, either for lack of constraints at higher ener-
gies (flux too low) or for having an estimate of τmax > 5. The max-
imum optical depth τmax is less than 1 in 73% of the total sample,
and less than 3 in 87% of the cases. This means that, in general,
for about 2/3 of the objects the LAT data do not seem consistent
with any BLR absorption, and for the remaining 1/3 the data are
compatible at most with a very low optical depth. Even in such
case, however, the smooth cut-offs are equally or better reproduced
with intrinsic models, either a log-parabolic shape or an intrinsic,
under-exponential cut-off at high-energy.
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Figure 1. Histogram of the distribution of the possible (as measured) vs expected maximum optical depths τmax (i.e. at the peak of the γ-γ cross-section, see
text), for the 83 objects for which LBLR is available. Histograms are calculated with 10 bins per decade, in logarithmic space. Where τmax ≤ 0.1, objects are
counted in the first bin. The optical depths measured with the fits can be considered upper limits to the possible amount of BLR absorption. The LAT data
indicate that the possible optical depth due to BLR photons is at most a factor ∼ 30− 100× lower than typically used in EC(BLR) models, and it is less than
1 in about 2/3 of the sample.
4 RESULTS: HIGH VS LOW STATES
For 21 objects with the highest overall statistics and/or a lightcurve
characterized by clearly recognizeable flares of high brightness (on
a 7-days time bin), we divided the spectra in a “high” and “low”
state by making a specific cut in flux or epoch, adapted to each
source’s lightcurve. The results of the fits are reported in Table 3,
together with the cut value for each source. Lightcurves and flux
cuts are shown in the Appendix, Fig. A3, together with the corre-
sponding gamma-ray spectra on the side.
With the exception of 3C 273, for which the high/low data are
not really constraining, all objects show absent or very low BLR
absorption in both high and low states. This means that, on aver-
age, the emitting region in these sources seems located outside the
BLRmost of the time, regardless of variability. Changes by a factor
of 2 in the limiting flux do not affect the results. There seems to be
no relevant difference between the two states, with the possible ex-
ception of three cases where the attenuation seems slightly stronger
during the high state than in the low state (4C +28+07, PKS0454-
234 and PKS2326-502). This might indicate an emitting region
closer to the BLR during flares, but it could also be caused by a
different cut-off in the emitting particle spectrum. Given that the al-
lowed absorption even in such cases is rather low, with τmax ∼ 2−4
and photon paths ℓ∼ 1−2×1016 cm, the latter seems a more likely
scenario.
4.1 VHE-detected FSRQ
A particularly interesting case is represented by the FSRQ
4C+21.35 and PKS1510-08. Their detection at VHE by MAGIC
(Aleksic´ et al. 2011) and H.E.S.S. (Abramowski et al. 2013) pro-
vided evidence for an emitting region beyond the BLR, also in ob-
jects with strong BLR and IR emission. This is confirmed by the
LAT data, with spectra in the high state extending to ∼80 GeV
rest-frame with no signs of cut-off (see Fig. 2).
Remarkably, we find that also during the low states the LAT
spectrum extends to very high energies – almost ∼100 GeV – with
no sign of BLR absorption. This means that for both 4C +21.35 and
PKS1510-08, the dominant gamma-ray emitting region is always
located beyond the BLR, and not only during the high, VHE-bright
and fast-flaring episodes. The lack of any indication of high-energy
cut-off in the spectrum does not leave much room for γ-γ absorp-
MNRAS 000, 1–17 (2018)
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Table 3. Results of the BLR absorption fits to separate “High" and “Low" states, for a sub-sample of FSRQs. The division of the data is done with a cut in flux
or epoch (see Fig. 2 and Fig. A3). Col. [1]: object name. Col. [2]: state of the source, as defined in Col. 3. Col. [3]: flux Ncut (in cm−2 s−1) or time interval
separating the High from Low-state spectra. Namely, the High (Low) datasets are obtained summing all intervals in the 7-day lightcurve with Flux ≥ Ncut
(< Ncut ), or the intervals specified by MJD. Col. [4]: number of data points above 20 GeV rest-frame. Col. [5]: average rest-frame energy, in GeV, of the last
“good" datapoint in the spectrum at high energy (namely with TS> 4 and npred> 3 and flux error < 50%, see Sect. 2); Col. [6]: best fit model of the data
below 13 GeV rest-frame (i.e. with the lowest χ2r ). It is the model used to extrapolate the spectrum to estimate the optical depth. Col. [7]: path length inside
the BLR, in units of 1016 cm, obtained by extrapolating the model in Col. 6 to the full LAT band. Col. [8]: corresponding maximum optical depth, at the peak
of the γ-γ cross-section (see text). Col. [9]: model of the fullband LAT spectrum yielding the lowest overall χ2r , among: logparabola (logp), logparabola with
BLR absoprtion (logptau) or power-law with under-exponential cutoff with βc = 1/3 (exp03). Col. [10]: flag indicating if the upper limit in the SED is below
the last “good" datapoint at high energy, i.e. if it is meaningful to constrain the spectral steepening (strong) or not.
Name State Cut n>20 MaxBin best<13 Path τmax bestfitFull UL
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10]
3C 273 High 1.0e-6 0 11.2 logp 0.16±0.37 0.31 logp strong
Low 0 11.2 logp 0.0±11.7 0.00 exp03 no
3C 279 High 0.9e-6 2 61.7 logp 0.20±0.21 0.38 logp no
Low 2 61.7 logp 0.27±0.11 0.52 exp03 strong
4C +14.23 High 0.6e-6 1 40.2 logp 0.00±0.99 0.00 logp no
Low 1 40.2 logp 0.24±0.16 0.46 exp03 strong
4C +21.35 High 1.0e-6 2 57.6 logp 0.07±0.10 0.14 logptau strong
Low 2 57.6 logp 0.24±0.15 0.47 exp03 strong
4C +28.07 High 0.5e-6 1 21.5 logp 0.72±0.26 1.40 exp03 strong
Low 2 43.7 logp 0.00±0.15 0.00 exp03 strong
4C +38.41 High 0.5e-6 2 55.6 logp 0.34±0.14 0.65 logptau strong
Low 1 27.3 logp 0.84±0.11 1.62 logptau strong
B0218+357 High 0.5e-6 1 38.4 logp 0.03±0.16 0.05 logp no
Low 3 158.8 pow 0.03±0.17 0.07 exp03 no
CTA 102 High 0.9e-6 1 40.2 logp 0.53±0.07 1.02 logptau strong
Low 0 19.8 logp 0.86±0.43 1.67 exp03 strong
MG1 J123931+0443 High 0.4e-6 1 26.8 logp 0.76±0.16 1.47 logptau strong
Low 2 54.5 logp 0.16±0.17 0.31 logp no
PKS 0402-362 High 0.5e-6 1 23.5 logp 0.00±0.58 0.00 exp03 no
Low 1 23.5 logp 0.51±0.53 0.98 exp03 no
PKS 0440-00 High mjda 1 36.4 pow 0.59±0.23 1.14 exp03 no
Low 0 17.9 logp 1.71±1.09 3.30 logp no
PKS 0454-234 High 0.5e-6 1 39.6 logp 0.36±0.18 0.69 logptau strong
Low 2 80.4 logp 0.20±0.08 0.38 logptau no
PKS 0727-11 High mjdb 3 104.0 logp 0.00±0.10 0.00 exp03 no
Low 2 51.1 pow 0.81±0.16 1.56 exp03 strong
PKS 1329-049 High 0.6e-6 1 30.6 logp 0.93±1.13 1.79 exp03 no
Low 2 62.2 logp 0.96±0.67 1.86 exp03 no
PKS 1502+106 High 0.65e-6 3 114.0 logp 0.28±0.09 0.54 logptau no
Low 2 56.1 logp 0.00±0.21 0.00 logp no
PKS 1510-08 High 1.7e-6 2 54.6 logp 0.00±0.19 0.00 logp no
Low 3 111.1 logp 0.00±0.31 0.00 logp no
PKS 1830-211 High mjdc 2 69.3 logp 0.60±0.09 1.16 exp03 strong
Low 2 69.3 logp 0.00±0.08 0.00 logp strong
PKS 2326-502 High 0.8e-6 0 14.7 logp 2.17±0.73 4.20 exp03 strong
Low 1 30.0 logp 0.32±0.14 0.62 logptau strong
PKS B1424-418 High 1.0e-6 3 102.5 logp 0.33±0.12 0.63 exp03 strong
Low 3 102.5 logp 0.58±0.13 1.12 logptau strong
S5 1044+71 High 0.5e-6 1 20.9 logp 0.19±0.24 0.36 exp03 strong
Low 2 42.5 logp 0.14±0.12 0.27 logptau strong
a: MJD 54960–55000 and 56460–56545
b: MJD ≥55740
c: MJD 55130–55221, 55452–55592 and 56054–56180
tion by other radiation fields as well, like soft photons from other
parts of the jet, at least in the UV-optical range. Adopting an EC
scenario, the LAT data indicate threrefore that the seed photons
should be provided by the infrared torus and not by the BLR.
However, even in this case the EC scenario might face some
problems. IR photons are targets for γ-γ collisions as well, this
time with TeV photons. The expected optical depth from the torus
radiation is again large, and should start to be important already
around ∼500 GeV rest-frame, reaching the maximum from 1
TeV onward (e.g. Protheroe & Biermann 1997; Donea & Protheroe
2003). Given the strong thermal IR emission in these two sources
(Malmrose et al. 2011), the EC(IR) scenario predicts a strong cut-
off in the VHE spectrum above 500 GeV rest-frame, which is al-
ready reached by the MAGIC spectrum in the case of 4C +21.35.
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Figure 2. Lightcurves and spectra of the TeV-detected FSRQ 4C+21.35 and PKS 1510-08, divided in High (red) and Low (black) states. Upper limits are at
the 2σ level (see text).
If future observations were to detect emission well beyond
500 GeV with no cut-off after correction for EBL absorption, it
will mean that the gamma-ray region is located even beyond the
torus inner radius, at tens of parsecs from the central engine, where
the VLBA core is often located (e.g. Pushkarev & Kovalev 2012)
and where the jet becomes transparent to millimeter wavelengths
(Marscher 2012; Sikora et al. 2008).
It remains a puzzle to explain very fast gamma-ray variabil-
ity (implying very compact regions) at pc distances from the BH,
which has been observed also in PKS1510-08 at GeV energies (see
e.g. Abdo et al. 2010; Saito et al. 2013; Brown 2013), with flux-
doubling timescales as short as ∼ 20 min (Foschini et al. 2013).
4.2 The case of 3C454.3
Since the launch of AGILE and Fermi, 3C 454.3 has been one
of the brightest sources in the gamma-ray sky (Vercellone et al.
2009; Abdo et al. 2009). It is also one of the most violently vari-
able blazars, with flux variations of several order of magnitude and
observed down to shortest timescales allowed by photon statistics
(sub-hour, see Abdo et al. 2011). With strong and variable broad
emission lines (Isler et al. 2013; León-Tavares et al. 2013), for a
BLR luminosity LBLR ∼ 2−5×1045 ergs−1and RBLR ∼ 6×1017
cm, 3C 454.3 is one of the prototypical FSRQ-type blazars.
Its SED has been commonly modeled with EC on BLR pho-
tons (Ghisellini & Tavecchio 2009; Abdo et al. 2009; Bonnoli et al.
2011), but specific outbursts have been explained in several alter-
native ways: with EC on IR photons from the torus (for example
the huge flare of year 2005, though no gamma-ray telescope was
in operation at that epoch, Sikora et al. 2008) or with IC on radia-
tion from clouds beyond the BLR reflecting the jet emission itself
(“mirror models”, see Vittorini et al. 2014, and refs therein), with
SSC emission outside the BLR (Pian et al. 2006) and also as the
result of star-jet interaction (Khangulyan et al. 2013). The fact that
the dissipation zone can move outside the BLR during single flares
has been generally supported by the detection of several photons
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Figure 3. Left: lightcurve of 3C 454.3 in 1-day bins, from the automatic quick-look analysis of the LAT monitored bright source list. This lightcurve is used
only to show the chosen cuts, with different colors if the bin belongs to the “High” (in red) or “Low” (black) flux state. The dividing line chosen for the
extraction of the spectra is 6× 10−6 cm−2 s−1 . The blue dashed line marks the epoch of the ∼ 13-hr flare reported in Pacciani et al. (2014) as “Period A”,
whose spectrum is shown in Fig. 4. Center and Right: SED of the Low and High states, at rest-frame energies. In both cases the spectrum extends up to
∼100 GeV, with no sign of strong BLR cut-off. Full lines correspond to the best fit of the spectrum below 13 GeV. Dashed lines correspond to the BLR-
absorbed spectrum, with two different path lengths inside the BLR: a) assuming the emitting region is deep within the BLR (at RBLR/2), and b) at the value
from the best fit of the spectrum (7 and 6 ×1015 cm). The blue dot-dashed line shows how a power-law model with under-exponential high-energy cut-off
(βc = 1/3), corresponding to an intrinsic cut-off in the particle distribution with emission in the Thomson regime (Lefa et al. 2012), can provide an excellent
fit, reproducing all the properties of the LAT spectra (see text).
above 20 GeV (Abdo et al. 2011; Britto et al. 2016) and by the hard
spectrum with no steepening (Pacciani et al. 2014).
Our analysis of the average gamma-ray spectrum confirms an
emitting region beyond the BLR in high state. Remarkably, it re-
veals that the spectrum extends with a smooth shape up to ∼100
GeV rest-frame also in the low state, with a slight steepening be-
yond 30 GeV which leaves room only for a small amount of pos-
sible γ-γ absorption (see Fig. 3). The allowed photon path inside
the BLR is only ℓ= (0.74±0.28) and (0.55±0.17) ×1016 cm, for
low and high states respectively, corresponding to a τmax = 1.4 and
1.1. These values are incompatible with a dissipation region well
within the BLR.
The shape of the spectrum, however, is better reproduced by
a power-law model with under-exponential cut-off rather than the
log-parabolic model with free BLR absorption (see Fig. 3, χ2r ≃ 1.3
vs 2.4−4.0). With βc ≡ 1/3 (see Eq. 2), the model fits the gamma-
ray spectrum very well with a photon index Γ = 1.83± 0.02 and
Ecut-off = 0.14± 0.02 GeV for the low state, and Γ = 1.82± 0.02
with Ecut-off = 0.30±0.05 GeV for the high state. Together, these
two results (spectrum extending to 100 GeV and better fitted with-
out BLR absorption) indicate that the steepening seen in 3C 454.3
is most likely intrinsic, related to the end of the emitting particle
distribution rather than due to γ-γ interactions with BLR photons.
If this scenario is correct, we can expect that under the right
acceleration conditions 3C 454.3 could become a strong VHE emit-
ter and detectable by present air-Cherenkov telescopes. Indeed this
seems to have been the case during a relatively low-flux flare of
3C 454.3 in 2009, reported by Pacciani et al. (2014). During a 13-
hours timespan (“period A” in Pacciani et al. 2014, marked by the
dashed line in Fig. 3), the gamma-ray spectrum was hard (power-
law photon index Γ < 2), namely rising with energy in the SED.
We have re-analyzed this flare with Pass 8 data (using in this case
an unbinned maximum likelihood fit to the LAT event data, given
the low counts) and can confirm the result, obtaining Γ = 1.8±0.1.
This means that 3C 454.3 in that circumstance was behaving like
an high-energy-peaked BL Lac object (HBL), with the gamma-ray
emission in the SED peaking around or above 100 GeV (Fig. 4).
Given the flux measured by Fermi-LAT and the emission be-
yond the BLR, Fig. 4 shows that 3C 454.3 can be easily detected
at VHE in less than an hour with the present generation of air-
Cherenkov telescopes, and up to 300-400 GeV despite the large
redshift and EBL attenuation. This makes 3C 454.3 an excellent
and important target for VHE observations during such flares,
which can reveal the spectral evolution of the freshly accelerated
particles near the cut-off region (Lefa et al. 2012; Romoli et al.
2017).
5 DISCUSSION
The Fermi-LAT spectra indicate that for 2/3 of our FSRQ sample
there is no evidence of BLR absorption (τmax < 1), while for the
remaining 1/3 of the objects the possible optical depths are a factor
30-100× lower than expected in EC(BLR) models.
To keep a low optical depth consistent with a gamma-ray emit-
ting region well inside the BLR, one can envisage two possibilities:
1) to decrease the photon densities by enlarging the size of the BLR,
or 2) to shift the γ-γ threshold at higher energies by selecting pre-
ferred angles of interaction.
In the first case, since the optical depth τ ∝ 1/RBLR, a factor
100× less in τ means that the size of the BLR should be 100×
larger than it appears from reverberation mapping, in fact close to
the torus location. This is much larger than the scatter on the rever-
beration mapping relation (2 vs 0.13 dex, e.g. Bentz et al. 2013).
However, this size would imply that the energy densityUBLR avail-
able for the external Compton process is lower as well, and by a fac-
tor 10−4 given thatUBLR ∝ LdR−2BLR. Such low values would make
the EC process highly inefficient, requiring a much larger jet power
to compensate, and would put the energy density of BLR photons
well below the other local energy densities in the jet comoving
frame (Ghisellini & Tavecchio 2009; Sikora et al. 2009). These ar-
guments hold also considering a wide stratification of the BLR (e.g.
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Figure 4. SED of 3C 454.3 during the flare defined “Period A” in
Pacciani et al. (2014), re-analyzed with Pass 8 data. The number of pre-
dicted source photons in each bin is also shown. We note that here the spec-
trum is plotted in the observed energy scale (not at rest-frame), for easier
comparison with sensitivity curves. The spectrum is hard (Γ = 1.8±0.1), as
typical in Fermi-detected HBLs but not FSRQ. This locates the gamma-ray
peak in the SED at or above 100 GeV, with consequently copious emis-
sion at VHE. As example, we show an hypothetical log-parabolic spectrum
(with curvature parameter β = 0.25) normalized to the LAT flux, assum-
ing that the SED peak is around 100 GeV (full line). The 5σ sensitivity
curves for 10 and 1 hour of observations with MAGIC in stereo mode
(Aleksic´ et al. 2016) are also plotted, together with the 10-hour curve for
the present H.E.S.S. performance for the 4-telescope array (Holler et al.
2015). After accounting for EBL absorption using Domínguez et al. 2011
(dot dashed line), the sensitivity curves show that 3C 454.3 can be easily
detected up to ∼3-400 GeV during such flares.
Abolmasov & Poutanen 2017), in the only scenario that could re-
duce the opacity with respect to our estimates. Namely, if the bulk
of the BLR emissivity were produced much further out with respect
to the radius from reverberation mapping or photoionization meth-
ods, which should correspond to the virial radius of the BLR clouds
(see e.g. Negrete et al. 2013). Stratification due to higher-ionization
lines instead develops towards inner radii, and thus does not impact
our results (see Sect. 2.1).
In the second case, one can assume that the BLR is actually
flattened onto the accretion disc, such that the interaction of the
jet gamma rays with BLR photons occurs preferentially at low an-
gles (Lei & Wang 2014; Abolmasov & Poutanen 2017). To push
the BLR absorption feature –starting at ∼20 GeV in the isotropic
case– outside the observed data, for example at 100 GeV rest-
frame, one needs an average shift of ∼ 5× of the energy threshold.
Since the latter is given by
Ethr =
2m2ec
4
(1−µ)ε (3)
where ε is the energy of the target photon, µ = cosθ and θ is
the collision angle, a back-of-the-envelope estimate shows that the
typical angle between gamma rays and target photons should be
less than 30 deg. This would reduce again the efficiency of the EC
mechanism, due to the similar kinematics of the interaction. In any
case, it would locate the emitting region again very far from the
BH and beyond the BLR radius (typically by more than a factor√
3 larger), in order to achieve such small interaction angles.
Both alternative scenarios do not seem able to keep the exter-
nal Compton on BLR UV photons as a viable mechanism to pro-
duce the gamma-ray emission in FSRQ. When the LAT data allow
for possible BLR absorption (in only 1/3 of the objects), the low
optical depths indicate that, if indeed inside the BLR, the location
of the dissipation region must be close to the BLR radius given by
reverberation mapping (Rdiss ≈ RBLR), probably between the in-
ner and outer borders of a more realistic representation of the BLR
(e.g. Böttcher & Els 2016). In these conditions, also the isotropic
assumption for γ−γ absorption is not valid anymore, and the actual
values of τ will strongly depend on the details of the (yet uncertain)
geometry of the BLR in relation to the size of the dissipation region
(see e.g. Finke 2016). In any case, the low optical depths imply that
also the EC cooling on BLR photons is depressed, under the same
conditions.
However, the same data are equally and often better repro-
duced by a spectrum with intrinsic curvature and no BLR absorp-
tion. In addition, with these fits there is no relevant difference in
properties and parameters values among objects with (1/3) or with-
out (2/3) possible mild absorption. The inside-BLR scenario would
instead require a dichotomy in jet parameters, given the very differ-
ent energy of the main seed photons for IC, in the two cases (UV or
IR). While not definitive, therefore, the simplest explanation is that
also in these objects the emission occurs mostly outside the BLR.
This leads to the conclusion that for the large majority of
FSRQ (94%) and/or for most of the time, the gamma-ray emis-
sion is produced outside the BLR, and not by IC scattering of BLR
photons.
This conclusion has two important consequences. First, it
means that the steepening often seen in the LAT gamma-ray spec-
tra at higher energies is intrinsic, and not due to interaction with the
environment. The shape of the cut-off depends on both the electron
distribution and the target photon field, as well as the regime of
the interaction (Thomson or Klein-Nishina). This dependence has
been studied by Lefa et al. (2012) and provides a powerful diag-
nostic tool for the acceleration and cooling mechanisms in the jet,
especially if coupled with the knowledge of the synchrotron cut-off
(see also Romoli et al. 2017). Indeed the gradual steepening seen
in the majority of our sample seems to favour a SSC scenario or an
EC on IR photons, both in the Thomson regime, with the parame-
ter βe regulating the cut-off of the electron distribution between 2
and 1, depending on the importance of the synchrotron losses in the
acceleration scenario.
The second consequence is an apparent discrepancy: if there
is no interaction of the jet’s electrons and photons with the BLR,
why the observed strong correlation between the gamma-ray lu-
minosity and the broad line emission (Sbarrato et al. 2012) ? Such
correlation suggests a tight jet-disc connection, between jet power
(traced by gamma-ray luminosity) and accretion rate and disc lu-
minosity (traced by the BLR luminosity with BH mass estimates),
with the transition between radiatively efficient and inefficient ac-
cretion discs occurring at Ld/LEdd ∼ 10−2 (Sbarrato et al. 2014).
Our result suggests that the BLR acts as a proxy for the accre-
tion regime and the disc luminosity, but does not affect directly
the gamma-ray luminosity through more efficient cooling. In other
words, jets seem born that way: the division between FSRQ and
BLLacs seems determined by the conditions of accretion (if radia-
tively efficent or inefficient, and by the accretion rate) rather than
the environment and location of the dissipation region, inside or
MNRAS 000, 1–17 (2018)
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Figure 5. Absorption shapes for different emission scenarios: a) localized
emission, with the same path ℓ for all photons (e−τ absorption); b) same as
a) but closer to RBLR (path ℓ = 1× 1016 cm vs 3× 1016 cm); c) constant
emission from moving blob fully inside the BLR, up to RBLR (Eq. 4); d)
constant emission from moving blob, with 50% of the flux coming from
outside the BLR. Scenarios c) and d) present shallower attenuation features
than scenario a), for the same overall path ℓ inside the BLR. This translates
to the possibility of slightly longer paths inside the BLR for approximately
the same absorption shape (compare lines b) with c) ).
outside the BLR. Alternatively, the role of the BLR is simply taken
by the IR emission from the torus. In such case the BLR would act
as a proxy for the torus emission, via the disc luminosity.
We note that our values for the possible optical depths are con-
sistent with those reported in Stern & Poutanen (2014), after ac-
counting for the different scaling (since they scale the optical depth
to the Thomson cross section, their values must be divided by ≈5
to be compared with ours). However we arrive to the opposite in-
terpretation considering the much larger sample, with the majority
of FSRQ without BLR absorption, the extension of the spectra at
high energies without clear breaks, the very low optical depths in-
consistent with EC models and the better fits with intrinsic models.
5.1 Caveats
Our result comes with two important caveats. One concerns the
long integration time of the spectra, needed by the extremely low
countrates at high energy. In principle, there is the possibility that a
series of short hard flares occurring beyond the BLR might provide
all the detected high-energy photons, while for most of the time the
emission is actually inside the BLR. This could skew the fit, simu-
lating the effects of a lower absorption in the averaging process. It
seems unlikely because flares should be frequent, short and not too
strong in order to remain below the flux threshold of the high/low-
state separation, for nearly all sources in our sample. Unfortunately
the limited collection area of the LAT detector (∼ 1 m2) cannot
provide a definitive answer to this issue. Such answer could be pro-
vided by future imaging air-Cherenkov arrays like CTA (Actis et al.
2011; Acharya et al. 2013), thanks to their huge collection areas
and lower energy threshold. The optimum would be represented by
the proposed “5@5” array (Aharonian et al. 2001), with a threshold
as low as 5 GeV. A low threshold below 10 GeV is necessary to get
a handle also on the unabsorbed part of the gamma-ray spectrum.
The second caveat concerns the kinematics of the emission.
Our assumption is that the bulk of the emission originates on av-
erage at roughly the same location inside the BLR. For example,
from a preferred dissipation region within the jet (e.g. a standing
shock) at a given distance from the central engine. In this case the
produced gamma rays travel the same path ℓ inside the BLR, and
thus have all the same probability of survival e−τ(E,ℓ). The time-
integrated spectrum is therefore attenuated by e−τ(E,ℓ). This is the
absorption factor commonly used in the literature for BLR absorp-
tion.
Instead, if we assume that the observed flux is dominated by
the emission of a single relativistic blob over a relatively long time,
the actual distance traveled by the blob in that timeframe can be
quite large, because of the shortening of the arrival times due to
the Doppler effect. Gamma rays originate from different locations
inside the BLR, and the net absorption effect can be different. The
travel ∆R of a blob with velocity βc in an observed time interval
∆tobs is ∆R≃ ∆tobs ∗βc/(1−β cos(θ )). For a blazar jet seen at an
angle θ ≃ 1/Γ, for which cos(θ ) = β , ∆R ≃ ∆tobs ∗βc∗Γ2 . With
bulk Lorentz factors Γ ≥ 10, an observed emission time of ≥ 105
s can correspond to a travel of the emitting region ∆R ≥ 1017 cm,
i.e. from deep within the BLR to its borders or beyond. In such a
case, the last part of the emission is less affected by BLR attenua-
tion than the first part, since the actual photon path inside the BLR
becomes shorter and shorter. The resulting attenuation shape on the
total integrated spectrum becomes shallower than exponential (see
Fig. 5), and this could relax the constraints on the path inside the
BLR.
For example, assuming that all the blob emission takes place
inside the BLR but up to the BLR border (the most favourable sce-
nario for EC on BLR), the flux becomes attenuated as
N(E) ∝ E−Γ
(1−e−τ(E,ℓ))
τ(E, ℓ)
(4)
which goes as τ−1 for large values of τ . Here ℓ corresponds to the
path inside the BLR since the start of the blob emission.
However, this possibility does not change the main outcome
of our study. Fitting all sources with the shape of Eq. 4, the limits
on the path length inside the BLR increase only mildly, by a factor
2–3. The maximum possible path inside the BLR is still limited
to small values (ℓ < 3× 1016) for 86% of the total sample of 106
objects (compared to the 94% of the e−τ attenuation shape). We can
conclude that also in this scenario the gamma-ray emission seems
produced outside the BLR for most of the sources. This scenario
however does allow for significantly larger τ in about 10% of the
FSRQ, for which τmax ≥ 10 with an average maximum path ℓavrg ≃
9×1016. Future observations with Cherenkov arrays in the 10–300
GeV range should provide more detailed answers, thanks to the
much larger collection area at high energies. Interestingly, if the
blob path during the emission were to continue beyond the BLR,
the time-integrated spectral shape could have a step depending on
the percentage of the blob emitting time passed inside or outside
the BLR (see Fig. 5), and this could become a diagnostic tool with
CTA.
6 CONCLUSIONS
We have analyzed 7.3 years of LAT data to study the spectra of
106 FSRQ characterized by the largest gamma-ray photon statistics
and/or the largest BLR luminosities and sizes, looking for evidence
of γ-γ absorption on the Hydrogen-based BLR emission.
MNRAS 000, 1–17 (2018)
16
The result is that, for the large majority of Fermi blazars (9 out
of 10), there is NO evidence of strong interaction of the jet gamma
rays with BLR photons. The emission seems to originate almost al-
ways outside the BLR, both on average and during high/flaring or
low-flux states. To this respect there is no relevant difference be-
tween high/flaring states and low states. The percentage of objects
where the LAT spectrum is consistent with a relatively strong BLR
absorption is limited to only a few % of the FSRQ population (at
maximum 10%, depending on the emission scenario).
The implications are remarkable and far-reaching.
(i) External Compton on BLR photons is disfavoured as main
mechanism for the gamma-ray emission in Fermi FSRQ. This con-
clusion holds also in the alternative scenario of a BLR much larger
(100×) than given by reverberation mapping, requiring 10× higher
bulk motion Lorentz factors of the plasma to reach an equivalent
energy density in the jet frame. A higher Lorentz factor would in-
crease the energy density of the other external photons as well. A
viable alternative for the EC mechanism is provided by the IR pho-
tons from the dusty torus (Sikora et al. 2009).
(ii) The gamma-ray spectrum measured by Fermi-LAT is mostly
intrinsic, up to energies where γ-γ absorption by the EBL or IR ra-
diation from the torus kicks in. The mild, smooth cut-off often seen
between few GeV to few tens GeV is most likely due to the end of
the accelerated particle distribution. This opens up the possibility
of powerful diagnostics on the accelerated particle spectrum, study-
ing the shape of the cut-off and in comparison with the synchrotron
spectrum (Lefa et al. 2012; Romoli et al. 2017).
(iii) Without suppression by the BLR, the gamma-ray emission
in FSRQ can reach the VHE band with potentially very high lu-
minosities, as demonstrated by the flares of 3C 454.3. Therefore
also FSRQ can be good targets for VHE telescopes: they can be
easily detected by present and future air-Cherenkov arrays even at
high redshift (around or beyond z∼ 1), up to 300-400 GeV, thanks
to the very high photon fluxes and the low intensity of the EBL
(Aharonian et al. 2006; Ackermann et al. 2012b).
If indeed gamma rays originate mostly outside the BLR, our
result indicates that the VHE sky with CTA should be much richer
of FSRQ than previously expected.
Given the strong correlation observed between gamma-ray lu-
minosity and BLR emission in Fermi blazars (Sbarrato et al. 2014),
our result suggests that the BLR acts as a proxy of the accre-
tion properties but does not affect directly the jet emission through
cooling. The classical distinction between FSRQ and BL Lacs be-
comes thus somewhat fuzzier: differences like high/low-peaked
SEDs and Compton dominance cannot be attributed to the cooling
on BLR photons and their high energy density. This result may have
implications also for the interpretation of the “blazar sequence"
(Ghisellini et al. 1998, 2017), since the jet physical parameters de-
rived from the SED modeling change depending on the emission
mechanism and dominant seed photons. A general re-assessment
of the blazar emission parameters and re-modeling of their SED
(with external Compton on IR photons, SSC or with 100× lower
UBLR) seems in order.
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APPENDIX A: ADDITIONAL TABLES AND FIGURES
Here we provide the complete version of Table A1 and Figures A1, A2
and A3. They are available to download as supplementary material on the
electronic version of the journal.
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Table A1. Spectral parameters of the fits of the gamma-ray SED data in Table 2. Col. [1]: object name. Col. [2]: redshift. Col. [3]: integral flux over the 0.2–10 GeV band, in cm−2 s−1, from the logparabolic
full-band model. Col. [4], [5], [6]: photon index, curvature and χ2r of the best-fit model below 13 GeV rest-frame (Unabsorbed band). Col. [7], [8], [9]: photon index, curvature and χ
2
r of the log-parabolic fit
with BLR absorption (logptau), over the full LAT band and with all parameters free. Col. [10], [11]: χ2r of the following fits over the full band: pure log-parabola with no BLR absorption (logp), power-law with
high-energy cutoff with βc = 1/3 (exp03).
Name z Flux 0.2-10 GeV GammaU betaU χ2r /d.o.f. GammaF betaF χ
2
r (logptau)/d.o.f. χ
2
r (logp)/d.o.f. χ
2
r (exp03)/d.o.f.
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
3C 454.3 0.859 8.49e-07 2.41±0.01 0.20±0.02 2.00/3 2.41±0.01 0.20±0.01 1.73/7 8.40/8 0.84/8
4C +21.35 0.435 1.94e-07 2.34±0.01 0.09±0.02 1.22/4 2.34±0.01 0.09±0.02 1.47/7 1.45/8 1.20/8
PKS 1510-08 0.36 3.47e-07 2.44±0.01 0.16±0.01 0.55/4 2.44±0.01 0.16±0.02 1.90/8 1.40/9 3.18/9
B2 1520+31 1.487 1.33e-07 2.42±0.02 0.18±0.04 1.81/3 2.42±0.01 0.17±0.03 1.48/6 1.83/7 0.92/7
PKS 1502+106 1.839 1.22e-07 2.26±0.02 0.20±0.05 2.89/3 2.25±0.02 0.20±0.05 2.47/6 3.47/7 2.07/7
PKS 0454-234 1.003 1.36e-07 2.22±0.01 0.18±0.03 1.35/4 2.22±0.01 0.17±0.03 2.07/7 2.47/8 1.82/8
3C 279 0.536 2.01e-07 2.37±0.01 0.12±0.02 1.26/4 2.38±0.01 0.13±0.03 1.21/7 1.62/8 1.22/8
3C 273 0.158 1.19e-07 2.86±0.01 0.24±0.03 0.35/4 2.86±0.01 0.24±0.03 0.42/5 0.32/6 0.71/6
PKS 2326-502 0.518 1.33e-07 2.29±0.01 0.24±0.03 1.09/4 2.29±0.01 0.23±0.03 1.45/6 6.11/7 2.73/7
PKS B1424-418 1.552 2.28e-07 2.13±0.01 0.16±0.02 1.41/3 2.13±0.02 0.17±0.04 3.56/7 4.84/8 1.44/8
PKS 1830-211 2.507 1.63e-07 2.46±0.01 0.09±0.02 0.10/2 2.48±0.01 0.14±0.03 0.80/6 1.02/7 0.45/7
4C +55.17 0.899 4.57e-08 1.91±0.02 0.17±0.07 2.08/3 1.91±0.02 0.16±0.04 1.26/8 1.01/9 0.90/9
PKS 0727-11 1.589 9.91e-08 2.27±0.02 0.12±0.04 1.06/3 2.26±0.02 0.11±0.05 1.89/6 2.27/7 1.43/7
4C +28.07 1.213 7.39e-08 2.40±0.01 0.27±0.02 0.30/3 2.40±0.02 0.26±0.03 0.76/6 0.53/7 1.25/7
PKS 0402-362 1.417 5.97e-08 2.70±0.04 0.45±0.07 1.50/3 2.69±0.03 0.43±0.07 1.45/4 1.19/5 1.40/5
Ton 599 0.725 4.61e-08 2.26±0.03 0.21±0.07 2.29/4 2.26±0.03 0.19±0.07 1.86/7 1.50/8 1.86/8
PKS 1244-255 0.635 6.78e-08 2.30±0.01 0.27±0.03 0.48/4 2.29±0.01 0.26±0.03 0.45/6 0.42/7 0.49/7
4C +38.41 1.814 1.59e-07 2.48±0.02 0.27±0.04 1.82/3 2.47±0.02 0.27±0.04 1.47/6 2.41/7 1.21/7
PMN J2345-1555 0.621 6.98e-08 2.04±0.01 0.17±0.03 1.10/4 2.04±0.01 0.18±0.03 0.75/7 0.87/8 0.71/8
S4 0917+44 2.19 3.13e-08 2.29±0.02 0.17±0.05 0.31/2 2.31±0.03 0.22±0.06 0.84/5 0.85/6 0.59/6
PKS 2052-47 1.491 5.32e-08 2.48±0.01 0.32±0.02 0.10/3 2.48±0.02 0.32±0.05 1.38/6 0.96/7 1.69/7
PKS 1124-186 1.048 6.36e-08 2.18±0.01 0.14±0.02 0.15/3 2.18±0.01 0.14±0.03 0.69/7 0.55/8 0.63/8
PKS 2142-75 1.138 6.21e-08 2.43±0.01 0.16±0.02 0.08/3 2.43±0.01 0.14±0.02 0.15/5 0.92/6 0.42/6
B3 1343+451 2.534 6.42e-08 2.20±0.03 0.16±0.05 0.87/2 2.20±0.01 0.15±0.03 0.64/7 0.59/8 0.34/8
PKS 0805-07 1.837 4.8e-08 2.13±0.01 0.15±0.04 0.41/3 2.11±0.03 0.12±0.06 1.59/6 1.90/7 1.10/7
PKS 0244-470 1.385 3.39e-08 2.43±0.03 0.14±0.07 1.01/3 2.44±0.02 0.15±0.05 0.70/5 0.65/6 0.48/6
CTA 102 1.037 8.41e-08 2.41±0.03 0.29±0.06 1.64/3 2.42±0.02 0.31±0.04 1.31/6 1.03/7 1.39/7
4C +01.02 2.099 6.19e-08 2.40±0.02 0.11±0.04 0.61/3 2.42±0.03 0.14±0.07 1.46/6 1.28/7 1.30/7
4C +14.23 1.038 3.3e-08 2.18±0.01 0.23±0.02 0.07/3 2.17±0.02 0.19±0.05 0.72/6 0.66/7 0.64/7
PKS 0250-225 1.427 4.31e-08 2.35±0.03 0.18±0.06 0.90/3 2.35±0.02 0.19±0.04 0.59/6 0.49/7 0.60/7
B2 2308+34 1.817 4.08e-08 2.36±0.02 0.21±0.04 0.49/3 2.34±0.02 0.17±0.06 1.11/6 0.91/7 1.06/7
B2 0716+33 0.779 2.81e-08 2.10±0.01 0.15±0.02 0.11/3 2.10±0.01 0.15±0.02 0.20/6 0.46/7 0.18/7
MG1 J123931+0443 1.762 6.34e-08 2.35±0.01 0.17±0.02 0.17/3 2.35±0.01 0.16±0.03 1.16/6 2.06/7 1.45/7
PMN J1802-3940 1.319 3.75e-08 2.11±0.05 0.30±0.11 3.18/4 2.11±0.04 0.31±0.11 2.40/6 2.01/7 2.61/7
S4 1849+67 0.657 3.18e-08 2.25±0.01 0.20±0.01 0.05/4 2.24±0.01 0.20±0.01 0.45/6 0.21/7 0.31/7
PKS 2023-07 1.388 4.86e-08 2.36±0.02 0.38±0.03 0.42/4 2.36±0.02 0.38±0.05 1.29/6 1.05/7 1.87/7
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Table A1 – continued
Name z Flux 0.2-10 GeV GammaU betaU χ2r /d.o.f. GammaF betaF χ
2
r (logptau)/d.o.f. χ
2
r (logp)/d.o.f. χ
2
r (exp03)/d.o.f.
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
PKS 1454-354 1.424 3.64e-08 2.26±0.04 0.23±0.10 2.15/3 2.26±0.03 0.22±0.07 1.56/6 1.25/7 1.50/7
B3 1708+433 1.027 2.51e-08 2.27±0.03 0.36±0.07 0.73/3 2.27±0.03 0.34±0.08 1.83/6 1.33/7 1.97/7
GB6 J0742+5444 0.72 2.12e-08 2.22±0.04 0.29±0.08 1.49/4 2.22±0.03 0.28±0.07 1.57/6 1.25/7 1.52/7
OX 169 0.213 5.27e-08 2.53±0.02 0.18±0.04 0.50/4 2.53±0.02 0.18±0.04 0.92/6 0.69/7 0.95/7
PKS 2227-08 1.56 4.91e-08 2.80±0.03 0.24±0.06 0.55/3 2.79±0.03 0.22±0.05 0.52/4 0.42/5 0.45/5
PKS 2255-282 0.926 3.63e-08 2.49±0.04 0.33±0.09 1.40/3 2.49±0.04 0.35±0.08 1.35/5 1.10/6 1.38/6
B2 2155+31 1.488 3.22e-08 2.24±0.01 0.26±0.03 0.17/3 2.23±0.02 0.25±0.05 1.31/6 1.12/7 1.10/7
PKS 1622-253 0.786 7.28e-08 2.42±0.02 0.16±0.04 0.41/3 2.41±0.01 0.15±0.03 0.64/6 0.45/7 0.45/7
PKS 0420-01 0.916 3.62e-08 2.29±0.05 0.23±0.12 2.54/3 2.29±0.04 0.22±0.08 1.61/6 1.27/7 1.63/7
OC 457 0.859 3.83e-08 2.26±0.01 0.17±0.03 0.31/3 2.25±0.01 0.15±0.03 0.23/6 0.30/7 0.22/7
PKS 2201+171 1.076 2.55e-08 2.25±0.03 0.41±0.07 0.62/3 2.24±0.05 0.39±0.11 2.32/6 1.12/7 1.82/7
OP 313 0.997 3.1e-08 2.26±0.01 0.0 0.19/4 2.29±0.02 0.06±0.05 0.81/7 0.72/8 0.67/8
TXS 0059+581 0.644 3.05e-08 2.14±0.06 0.37±0.12 4.18/5 2.14±0.06 0.37±0.14 3.67/6 3.07/7 4.30/7
S4 1030+61 1.401 2.52e-08 2.15±0.02 0.13±0.04 0.43/3 2.16±0.01 0.15±0.03 0.30/6 0.40/7 0.27/7
OG 050 1.254 4.43e-08 2.32±0.04 0.19±0.09 1.79/3 2.30±0.03 0.14±0.07 1.26/6 1.09/7 1.14/7
PKS 0440-00 0.844 3.72e-08 2.39±0.01 0.12±0.01 0.04/3 2.40±0.02 0.14±0.03 0.92/6 0.41/7 0.37/7
PKS 1329-049 2.15 4.94e-08 2.65±0.04 0.33±0.10 1.74/3 2.64±0.04 0.33±0.09 2.14/6 1.72/7 2.02/7
TXS 1700+685 0.301 2.62e-08 2.32±0.03 0.20±0.06 1.07/4 2.33±0.03 0.22±0.06 0.89/6 0.75/7 0.89/7
S4 1144+40 1.089 3.83e-08 2.39±0.01 0.19±0.02 0.23/4 2.38±0.02 0.18±0.04 0.95/7 0.56/8 0.97/8
B0218+357 0.944 5.7e-08 2.26±0.03 0.11±0.07 3.15/4 2.26±0.03 0.12±0.06 2.45/7 2.12/8 2.47/8
PKS 0215+015 1.715 1.87e-08 2.06±0.03 0.0 0.51/3 2.08±0.04 0.08±0.09 1.04/6 1.39/7 1.04/7
PKS 0336-01 0.85 3.4e-08 2.41±0.04 0.22±0.09 1.28/3 2.40±0.03 0.20±0.06 1.36/6 0.90/7 1.06/7
4C 31.03 0.603 1.74e-08 2.24±0.02 0.25±0.05 0.42/4 2.24±0.03 0.27±0.08 1.91/6 1.15/7 1.34/7
OM 484 0.334 1.41e-08 2.31±0.02 0.0 0.27/5 2.31±0.02 0.01±0.05 1.76/5 1.73/6 1.23/6
TXS 1920-211 0.874 1.57e-08 2.00±0.07 0.43±0.19 2.47/3 1.98±0.06 0.35±0.12 1.71/5 2.38/6 1.92/6
MG2 J101241+2439 1.805 1.55e-08 2.32±0.05 0.0 2.13/5 2.27±0.07 0.00±0.16 2.23/4 5.68/5 4.61/5
S5 1044+71 1.15 5.09e-08 2.30±0.01 0.18±0.03 0.38/3 2.29±0.01 0.16±0.02 1.10/6 1.47/7 0.69/7
PMN J0850-1213 0.566 1.54e-08 2.14±0.05 0.33±0.11 1.39/4 2.14±0.05 0.31±0.10 1.27/6 0.96/7 1.22/7
PKS 0601-70 2.409 2.94e-08 2.66±0.12 0.34±0.22 2.66/2 2.66±0.10 0.33±0.20 3.05/5 1.32/6 1.50/6
B3 0650+453 0.933 1.52e-08 2.32±0.05 0.26±0.12 1.01/3 2.28±0.05 0.17±0.11 1.32/6 0.95/7 1.09/7
PKS 2320-035 1.393 3.82e-08 2.47±0.04 0.0 1.66/4 2.48±0.04 0.00±0.08 1.52/5 3.96/6 3.21/6
PKS 0736+01 0.18941 3.53e-08 2.54±0.03 0.24±0.08 1.05/4 2.54±0.03 0.25±0.07 1.57/6 1.29/7 1.59/7
PKS 1954-388 0.63 2.64e-08 2.37±0.03 0.18±0.07 1.04/4 2.37±0.03 0.17±0.06 0.81/5 1.65/6 0.89/6
TXS 1206+549 1.345 1.36e-08 2.48±0.06 0.0 1.67/4 2.51±0.06 0.12±0.13 1.32/4 1.63/5 1.40/5
B2 0200+30 0.955 1.4e-08 2.09±0.03 0.28±0.07 0.34/3 2.08±0.03 0.25±0.07 0.46/6 0.38/7 0.53/7
PKS 1730-13 0.902 4.39e-08 2.27±0.01 0.17±0.03 0.12/3 2.27±0.01 0.16±0.02 0.14/6 0.35/7 0.12/7
TXS 0106+612 0.783 2.85e-08 2.62±0.07 0.49±0.15 1.45/3 2.62±0.07 0.49±0.15 1.89/4 0.89/5 0.91/5
PKS 0528+134 2.07 2.51e-08 2.59±0.08 0.57±0.19 1.75/3 2.59±0.09 0.57±0.21 1.93/3 1.94/4 1.55/4
PKS 0446+11 2.153 2.7e-08 2.58±0.05 0.33±0.10 0.46/2 2.57±0.03 0.33±0.08 0.38/5 0.28/6 0.44/6
B2 1732+38A 0.976 1.57e-08 2.37±0.01 0.22±0.03 0.09/3 2.36±0.01 0.20±0.03 0.31/5 0.15/6 0.13/6
PKS 0130-17 1.02 1.54e-08 2.55±0.04 0.29±0.10 0.59/3 2.55±0.06 0.29±0.14 1.72/5 0.94/6 1.08/6
MRC 1659-621 1.75 1.84e-08 2.31±0.05 0.16±0.13 1.11/3 2.31±0.06 0.15±0.16 2.36/4 1.61/5 1.32/5
S5 0836+71 2.218 2.59e-08 3.12±0.09 0.56±0.15 1.15/2 3.12±0.09 0.56±0.14 2.40/4 1.84/5 2.34/5
PKS 0906+01 1.024 2.65e-08 2.48±0.04 0.24±0.10 1.06/3 2.47±0.04 0.23±0.08 0.71/5 0.57/6 0.73/6
M
N
R
A
S
0
0
0,1–17
(2018)
20
Table A1 – continued
Name z Flux 0.2-10 GeV GammaU betaU χ2r /d.o.f. GammaF betaF χ
2
r (logptau)/d.o.f. χ
2
r (logp)/d.o.f. χ
2
r (exp03)/d.o.f.
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]
PKS 2123-463 1.67 1.37e-08 2.45±0.06 0.0 1.16/4 2.48±0.09 0.11±0.19 2.12/4 1.13/5 1.11/5
MG2 J071354+1934 0.54 1.75e-08 2.38±0.05 0.27±0.12 1.44/4 2.38±0.06 0.28±0.13 1.57/4 1.75/5 1.51/5
PMN J1344-1723 2.49 1.5e-08 2.08±0.03 0.0 0.20/2 2.21±0.08 0.11±0.23 2.49/6 2.10/7 2.08/7
TXS 0529+483 1.162 1.81e-08 2.30±0.05 0.30±0.13 1.22/3 2.30±0.05 0.29±0.11 1.31/5 1.08/6 1.35/6
PKS 1551+130 1.308 1.72e-08 2.43±0.06 0.0 2.38/5 2.43±0.08 0.10±0.18 2.19/5 1.82/6 1.81/6
S3 0458-02 2.291 2.95e-08 2.36±0.03 0.26±0.06 0.29/2 2.35±0.02 0.24±0.06 0.49/5 0.41/6 0.51/6
PKS B1908-201 1.119 3.07e-08 2.32±0.03 0.27±0.07 0.54/3 2.33±0.02 0.28±0.05 0.36/5 0.31/6 0.33/6
MG2 J201534+3710 0.859 8.76e-08 2.46±0.02 0.24±0.05 0.41/3 2.46±0.02 0.22±0.04 0.43/6 0.30/7 0.55/7
CTS 0490 0.36 1.16e-08 2.13±0.04 0.53±0.08 0.59/4 2.13±0.04 0.53±0.09 0.59/4 0.50/5 0.57/5
PKS 0451-28 2.564 1.84e-08 2.70±0.13 0.30±0.25 2.45/2 2.72±0.09 0.33±0.19 1.67/3 2.88/4 1.86/4
4C +47.44 0.735 1.35e-08 2.36±0.04 0.26±0.08 0.74/4 2.36±0.04 0.26±0.10 1.07/5 0.78/6 0.70/6
PKS 0235-618 0.465 1.03e-08 2.32±0.06 0.0 1.72/5 2.33±0.07 0.16±0.17 1.79/4 1.43/5 1.54/5
4C +04.42 0.966 2.02e-08 2.93±0.03 0.37±0.06 0.16/3 2.93±0.05 0.37±0.10 1.81/4 1.26/5 1.42/5
PKS 0454-46 0.858 1.46e-08 2.60±0.07 0.16±0.14 1.03/3 2.60±0.06 0.15±0.13 1.52/5 0.96/6 1.00/6
S4 1726+45 0.717 1.48e-08 2.51±0.04 0.33±0.10 0.79/4 2.50±0.05 0.32±0.11 0.94/4 0.72/5 0.86/5
PKS 0142-278 1.148 1.18e-08 2.72±0.11 0.45±0.23 1.96/3 2.72±0.12 0.45±0.25 2.94/4 2.15/5 2.21/5
PKS 2144+092 1.113 2.18e-08 2.56±0.05 0.32±0.12 1.03/3 2.56±0.05 0.32±0.12 1.92/4 0.75/5 0.86/5
S4 1851+48 1.25 9.28e-09 2.07±0.06 0.39±0.14 1.32/4 2.06±0.08 0.36±0.18 2.04/5 1.38/6 1.73/6
PKS 1118-05 1.297 1.59e-08 2.37±0.08 0.29±0.19 2.21/3 2.36±0.06 0.26±0.15 1.73/4 1.37/5 1.52/5
4C +51.37 1.381 7.93e-09 2.15±0.04 0.41±0.09 0.29/3 2.15±0.05 0.40±0.12 1.73/6 1.32/7 1.59/7
PKS 0208-512 1.003 3.45e-08 2.35±0.05 0.18±0.12 3.29/3 2.34±0.04 0.16±0.08 2.60/4 2.83/5 2.08/5
TXS 0322+222 2.066 1.84e-08 2.71±0.06 0.0 1.22/4 2.70±0.09 0.01±0.19 2.02/2 2.12/3 1.95/3
PKS B1127-145 1.184 9.13e-09 2.70±0.06 0.19±0.13 0.34/3 2.70±0.06 0.19±0.14 0.36/3 0.45/4 0.48/4
CRATES J0303-6211 1.348 5.18e-09 2.22±0.08 0.0 0.86/4 2.25±0.10 0.22±0.25 0.89/3 0.69/4 0.75/4
PMN J1617-5848 1.422 1.01e-08 2.46±0.13 0.0 1.82/4 2.46±0.17 0.00±0.44 2.45/3 1.83/4 1.83/4
CRATES J1613+3412 1.397 6.97e-09 2.43±0.07 0.40±0.17 0.89/4 2.43±0.11 0.40±0.28 1.99/4 1.86/5 2.09/5
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Figure A1. Average Fermi-LAT spectra (SED) plotted in the source rest frame energy, listed in alphabetical order. Upper limits are at the 2σ level (see text).
Solid lines show the fit of the spectrum with parameters determined below 13 GeV. Dashed lines shows the spectrum with BLR absorption fitted to the data,
using the solid-line spectrum as intrinsic model. When LBLR is available, the magenta dashed line shows the expected absorbed spectrum if the emitting region
is located at Rdiss = RBLR/2. Dot-dashed (green) lines shows the fit of a pure log-parabolic model to the whole spectrum.
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Figure A1 – continued
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Figure A1 – continued
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Figure A1 – continued
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Figure A1 – continued
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Figure A2. Spectra of the additional FSRQ with large BLR. Upper row: data are constraining, showing a lower BLR absorption than expected. Lower row:
data are not conclusive.
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Figure A3. Lightcurves and gamma-ray SEDs of the FSRQ which have been divided in an average High (red) and Low-state (black) spectra. Lightcurves:
time binning is 7-day bins. High-state bins are marked in red, Low-state bins in black or cyan. Cyan triangles correspond to upper limits, for the bins when the
source is not detected in the 7-days timespan. Spectra: full lines show the intrinsic spectrum with parameters determined below 13 GeV, dashed lines show the
result of BLR absorption applied to the intrinsic spectrum and fitted to the data, with free optical depth.
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Figure A3 – continued
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